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H ISTO- C U B M ] ST AY i 

Tre theory of the chemical nature of the animal ciasiies is a 
dcjiATtment of pliystohigical chemistry which ils yet has been very 
iirtle cultivated ; ami ihc reasons of this unsatisfactory stale of our 
knowledge are ton obvigus tu rcqviiro atir detailed eKpoeition. We 
will, thereft>re, siinplv observe, that the most impofiant obstaele 
to llie rliemicjil investigation af the tisaocft ia, that their elenieiils 
are too intimately conil^intd or associ-itetl with one anuther to 
admit of their being prepared for cheniiral anulyi'is ]>y a prc^ioui 
mechanical separation. This separation of the various eleiiieniary 
tissues wliich are deposited among, penetrate hetrteen, and envelope 
one atiuClier, is rendered the in<^re ditiicuk by ihe cirrumslaiioe 
that with scarcely &n exception they are equally insolable in th« 
ordinary indifferent menstrua ctrployGd by chemists* If we have 
reciiunie to the stronger or more energetic solvents^ as fi>r insiancCj 
acids or alkabe^*, we have seldom any assurance that the diasoived 
aubslance is the (otherwise) unchanged histological element, and 
that the- portion remaining undissolved is in reality a simple 
chemi'^lly pure material; indeed, in the majority of cnses, tliere 
cannot he a doubt that the cbemicfll cnrstitiiLion of the tissue 
on which we are eApcrimcnting is entirely changed by such 
reagents. 

Various means have been attempted with the view of sub- 
mitting the animal tissues to ehemical investigation. The first 
analyses, hating any claim to aocurflcyj had foi their object tho 
determination of the elementary composition; in the Gieaaeu 
laboratorj'i Schcrer, and subsequently others of Liobig'a pupils, 
instituted elemonUry analyses of several of the lissueSj after purify- 
ing them by means of the ordinary indiU'ereiu menstrua frnm any 
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ooluhle admixturea thnt mis^ht be present. If in tijc present 
&dvnnced sfnte of otir knowledge we are coiapelled to rejrard such 

Hnaly!;eH as irratioiiu^, ^itice mfiny of the annlyspd tissues, which 
were then considered liy histologisia tu be sintple, niftv be iiow 
seen by the most superficial microscopic examination to ht com- 
posed of various morphfilogical elements; yet such invosti^atlona 
inuHt be considered as fully equal to ibe requirements of Kcience 
at tliHt date. Cliemiats were then attacbing m higb vtilue to tb 
cxi-stencc of protein, and were striving to ascertain the me 
morphoscs which it underwent in its conversion info the tissueag 
ond the relations that existed between ihe cheniieal eonalitulion of 
tlie individual tiRsnes, and ihe irompo>{ition nf the main eonstituents 
of the blcj<id. Moreover, a N[iedai value should be attadied to 
these analyses from the cireum stance that ihcy form the earliest 
foundation for the eonstruetion of the statislieal method, which In 
the hands of Liebi^ and others has proved so important an adjunct 
tocTjendcal physiology. (Se:- vol. i, p. 14-j We shoidd, Ijowerer, 
be falling into great error if we were to regard the reauHa of these 
analyses as athetly accurate expressions of the com position of the 
tissues in qnestion. The sidxTut^rieauq eelhiUr tissue, tendon, 
horn» &e., nrp not elementary tissues; for they are ecimposed of 
various inorpholoj^itul elements, combined together in y& 
quantiiica. 

This fact induced Mulder to deoompoae, by tneana of aeid 
alkahne solvents, even those tissues ^vhich ^ere regnrcJed by hist 
logisU ns simple ; fliid to jiltempi to deduee tronclusiona regnrdin 
the niorphologicid arrangement of ihe various elements or the 
ohcniionl composition of tlic oriRinal object from the nature of the 
products of deiiomposititrnT by tracing these bnckwarda to theif^^ 
origin. Tn this manner hntr, horn, the nails, lortoise-Khell^ elastitf^l 
tissue, &c., were eT^auiiiifd eitlirr by hintself or under his Huperin* 
tendenccp Althuugh these iiivestigatiors led to many intcreMing 
results, they did not yield to histolo^ists the information that un 
expected; for independently of the eireumstanee that the aub-^j 
stances which were examined were not s^jffieiently defined in theitj 
charHctcr, and were unfit for an accurate chemical inveatigalionj 
even for an exact elementary analysis, the method itself was as 
impepfect as that lo which we previously referred ; too iittle impor* 
ttnce was attached to m o rpho inimical I v di^erent eonstituenta ol^| 
tissues, and hence this nietiiud jleldtd strikingly similar or identical ^^ 
rcHults fyr very differently constructed {or mechanically composed) 
objects, — a circumstance which must invalidate the claim oF ths 
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ohomio&l »nai7S]3 to cicoiimcy, nnd which was itself in part l>n?ied 
OTk the attempt to establish a tnore intimate ideal connexion 
hetweeTi the results of thp cli'mentary ariAlyses and the hypoiheticai 
formulu of Lhc yei more hypotlieticfll pTi.itein, 

Mulder himself was hf no meuiis unconscious of the imperfec- 
tions of this methud, and cndefivoured in \inion with Dondcrs to 
approach this somevfhat inat^c^asible depArtmert of scienr^e In a 
tDUdly opposite direciinn, Thi; lisHues to he exnmiin^cl wtre 
expo«d to the action of Tnrioaa chemical reagents, and the changes 
which their texture undenrent were oh$ervcd under the inicro- 
Bcr>p^, with the view of deducing from Ihem eonctueions re^^ardlng 
the dTflferenees in chemicfll eonsLitutior, This cnurse was, how- 
evefj iHrsi adapted ljy J, Miiller, whu was led hy it to *everal 
results of much value in relation to physiology and gctici'al 
anatomy. Several oheervers followed with more or leas success 
the path which he hsd thus marked out; but their inveati gal ions 
(an fortunately (br us) had reference more lo the histological than 
to the chemical side ciftlie inrjuiry, ^i^tol^gy Iias alreiidy derived tho 
most tfuportant aid from this method^ since the rcnL;eiits whicli wo 
apply tu microscopical preprtrations ore no longer Ijnirted to diiute 
■cetic acid, tincture of indine, or,at mo*;t, perliajisa licilp ammnnifi. 
It was by means of mrcroscopico chemical nnnlyMS t^at tiif struc- 
ture of the different litirny tissues was tirst clearly eihihitcd ; who 
could formerly hare establiehcd with such precision that naiia^ Cow»* 
lionit and iihalebone are composed of aggregations of individual 
cells, from the most cnrefcl tracing of their development-il history ? 
IVould the axis-cylinder of tlic nerve-Sbrcs hai'e remained so long 
unpcrccivcd, or at ^11 events a subject of doubt, if at an ca tiler 
period we had been more familiar with micro -chemical invcstitja* 
tions ? Chemical appliances have often afforded most important 
service to bifjtologVr even when not promoHng our knowledge of the 
chemtcal constituents of the tissues. We shall, therefore, be var- 
ratitcd in assuming that tho progress of histo-ehemieal inquiry will 
be Bfttiafflctory, when micro-chemical mveatigatlon is directed atid 
Tegukted by the results of micro* chemicflt analyses; the micro- 
chemical relations of a tisaue serve to indicate the course that 
must be pursued in order to lead to a successful investigation of the 
chcmictU constituents of the tissue^ and of its composition. 

These are, as we conceive, the points of view from which, in 
tb« existing state of BcicncPj hlitto-cheinistTy ot^^ht to be inves* 
Hgated ; and in accordniLce rtitb these ideas, we have attempted to 
gJTc a sketch of Lbc mode in which it sihould he trcj^tcd. 
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Wc need tiardly remarV, in conneKirtn with these histologif 

object3> that the chemiat has la deal soldj with the elementary 
tmiies; for tlic coaraer or finer flclmixlure of ceils, fibres, &c., 
which we tind coTki^regatcd even in the tissues siikl deemed simpU^. 
hy many histologUtfi, cannot in themseives constitute the object <]^| 
a cbeiiiiral investigation; we should, for inat^ncf, regard it ta 
&ltogct1ker inexpedient to devote special sections of tfiis volume to 
the con^idcmtion of the an:ODth mosciilar fibres of the inteslinej 
the c<]niraetile lissue of the tu'iira dartos, the middle arterial 
ooatf 8lv. We know thnl these ii^sues are com[3osed of very vari- 
ous histological elements, and that there occur in them, iiitenvovea 
in many forms and proportions* fihres of connective ti^sae and 
nucleated l]l>res, or ordinary elastic tissue, with the hhre-ceUi 
which are common to all eonttfictile organs. The admirable 
inquiries of Kfilliker have indeed shown ns tliat these 6bre-cdii 
constitute the most essentia] element in all the contr^ctfle lissueSi 
and his results have been almost as decisively conlirmed by 
chemical invest! j;ation aa by tlie certain physiologieo-fihysical test 
of magnetic eleciricily, Hen^ we should not regard the middle 
arteriul coal, or even the walb of the blood vessels tliein^ielves, u 
subjects fur histn-chemicid researcii, but we should rather attempt 
to ascertain, underthe head of " tihrc-cells/* the chemical character 
of tlie substance that is coramoOj anil at the same lime peculiar, tfl 
all contractile tissues. At the present day it would be highly inex- 
pedient to devote special sectiona to the chemical constituents of 
the eye, the chemical constitution of the brain, tkc. We are, how- 
ever, as yet unable to limit histo-ebemi'^try very strictly lo the 
consideraiion of the pure elementary tissues, for we muat still 
speak of nervoja tissue, of the siri|>ed muscular tissue. &c^ 
although very different morpho logical and chemical elements arc 
associated in thorn : for, unfortunately, we have not yet made suffi- 
cient progress to enable us properly to distinguish from one another 
the elemenfar)' part^ of these compound tissues^ and we are cons& 
quenlly ohli_!;ed to limit hjBto-chemialry to the mere determination 
of the chemix^al characteristics of the morphological elementa of the 
tissues. 

Although every one who directs his atlenlion to histo-^^hemistiy 
must lie familiar with the normal histological characters of the 
tissites» and although every one who would propose engaging in 
histological inve^tijralionB must be thoroughly familiar with iha 
present state of ^ei^eral anatomy, we have notwithstanding deemed 
it expedient Co introduce a sketch, short tliough it may be, of the 
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confciTOiation of the m<1ividuBl tissues. In accordance witli ihia 
Txew, we have endeavoured to indicate, in the almrtest jiosaihle 
tcrira, the morphological lelntimu of each clcmcnTorj- tisisae, its 
ftdmiKUire witli other tcxtiiTnl elements, and its occurrence in the 
various organs of the anitnal body. 

While it cannot be denied that chemical investigations of the 
tissues^ if they sre t*j lead to any valouble result, muat he inti- 
mately asaociated with histoljgicol examinations, so on the other 
hand the first step towards a chemical recognition of the testural 
el^menEs can onl^ he taken tbruugU die aid of micro-chemical 
reactions. We will, therefore, begin the corsideration of " hialo- 
chemistrr proper," with a descripliun of the clinngc5 which we 
observe witii the microscope in the texture of each tissue after the 
applit*ation of various reagents, hmiting ourselves, for the most 
part, to the results obtained by personal observation. There is nO 
department of physical science in whicli personal observation is 
more necessary for the pjrpcse of foritiing a correct judgment than 
in inicro'chemistry. Our judt^ment rcE^arding aorrounding objccia 
or phenomena, of «hi^h we obtain cogtiiaance only through tlie 
•ense of si^ht, is exposed to numerous wiurces of error j we know 
tJiat in making oTMcr^atlons with the microscope we are deprived 
of many aids which, under other circ'^raatances, would assist us m 
forming our opinion rcL;arding the objects we perceive, and we 
especially miss this assistance in forming cur judgment regarding 
the changes uhicli microsropiral objects undergo under tlic influ- 
ence of chemical reagents; thus, for example, many histological 
elements swell and beconjc as imperceptible to the eye as if they 
were actually dissolved, whilst in reality they are simply reduced 

the reagent to a gelatinous eoiidiiion in which their refractive 
}Wfr corresponds with that of the surrounding tluid; and it not 
tinfre<^uent[y happens that the membrane or fibre thai bad become 
invisible may be a^ain brought into view by repeated washing with 
water, or by careful saturation of the acid or base thai had been 
empioyedf thus aSbrding evidence that it had net been dissolved 
in the reagent* After llie applicaticn of other reagents, parts 
O^n become visible which previously couM not be perceived ; it 
is then often impossible to distinguish whether these objects 
actually existed previously and were only very transparent, or 
whether they were produced by the application of the reagent. 
In such ca^cs it its often impossible to arrive at any certain con- 
elusion ; we know, for instance, that hi^^tologists are not yet fully 
agreed as to the nuclei which appear so abundantly in the corpuscles 
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of rri>^i* UoLxl Uiat has stood for >omc time* some malutamin^- 
thnt thcv e*tiflt prcfuniicd in the fresh drcubtiitg bjuod, crntl otlicrs 
hoMin^ the ojjposilt view, 

Agairiy many rei^oits induce cfiRgulntinn of the interstitial ^y 
juice til mixed tiF&sues, &nd in Uiia vny nut ciiily oliacure the form^^l 
but oc'Cfisiof! audi fDtitr&otiona and ftUemtiana of otitlin<; of one or '^ 
other of the purts, that it often hcoomeB extremely tlirtiei,ilt to dis- 
tinguish to wlik^h of the tissues that ar« thus intermingled the 
filttiiitfita or i^rjitiules, timt are ohserved, Ijelurg, Therte, and similar 
ralalions, make it extremely difficult to form a judgment rcgardinfj 
the effect of the action of chemical reageaita on the tiaaues, and^ 
irdeed^ often render it impossible to arrive at any de1ii>ite result. 
We might adduce lunny evamples a? apporenrly very sitnpLe qiies-i 
tions n^arding whtcti llic best hiatolu^ists &re even now ak 
rnnancc (as, for inatnncCf whether nud<;oJi are or Are rot contained 
in the nuclei of certain celb, and wlielher these nuclcob, when 
they are unqucaiionahly present, consist of fat or of some other 
matter). To «h*iw that ive hav'e fuit overrated l3ie ditfieuiliea of 
niicro-chenkica) investigation^ are tliere nut many wlm even now 
deny tlkC prc-cxiatcnce of ftri axis-cylinder in the nerve-tubes? and 
flo ^e not find such dislinguiahed obHorvers as Mulder and 
Donders holding the apparently very erroneous view that the axi»« 
cylitider vi?iil»le ^\ithin iieTvc-tuhea tliat have undergone cliangA 
COEiMnta e?iscntially of fat ? 

It 13 hardly necessary to remark that perfect familiarity with 
the niicrjscope, and an accurate acquiLhilanee with all the auxi- 
liaries eniphtyed in it^ use, and with uU its sttnrces of fullary, ars 
indispensably requisite foJ' the auceea-^ful pursuit of micro-ebemic&l 
inveatigntiona. Tiie various means of checking error which havo 
been recommended by such experienced observers as Jul. Vogel,* 
Schleideojt Hugo MohhJ Purkinje.§ and others, in ordinary 
mioroscopieal inquiries, are required in a still higher degree in 
micro -chemical rescftrelica. 

It must also be borne in mind that the application of chemical 
reagents demands the observance of many precautions, the neces- 
sity of which has been only recently perceivedn Formerly it VFum 
the ordinary practice to allow the chemical reagent to flovi" on the 
micruscopic prcparatien^ and to observe its direct action on the 

* Anleltan^f. G-ebraucli des Mikroskops lu a- w. Lelpi, 104L 

•f BoULntk, Mr-ihodnl. rmMtiing^, l^cijiK. 1FU!I. 

J UikragTa|]]iie ii.fl. w. TQMu^n, 1040, 

§ 'WsgJiei-'B UfiudwiJrterU d, FbyaiuL 04.3, 9. 4L1-44B. 



1 



J>TK0DUCTION. 



w:; 



mnrplifi logical elements uf the object under examination h DrmHer<(* 
hrWfc hiiwcver, correctlj' *hown tliat it ia very often necesMry 
to submit th€ tiasue we may be examining to the prolong[ed action 
of the chemical reagent— nn actiun not merely of hours but of 
days. We regard both Tno<ieB of prrjcewling bb aljHoluteh' neces- 
mary for an accurate examination. In a.«*ii)ciHtiitn with Meaner- 
»cUnki(lt,t I long ago directeJ flttenlinn to the fact, ihal even in 
objects which are easily penetrated — as, for inslancc, pus — the 
udon of the cheniiciil rea^nt only very i^radually makes its 
,y into the mass of the object, and ants verj" unequally on the 
parts that are difTercntly aittiuLed; and coniiequcnlly ibat the 
mirrosropicfti appearance may often ^ivc occasion tit very different 
interpretations. Henee Donders especially rtcommcnds that the 
tissues should nat be submitted to microscopieul investigation uiitil 
they have Iwen expnsed for a longer or shorter periwl to the action 
of t)ic chemical aj^ent in a fioiiie^hut dihientaii^led or carrFulIy 
prepared statCi In thi;^ way the final result of the action may be 
much better observed than bv any other means, and the altered 
parts are seen with perfect clearness. In the mennwhile, although 
tbc rcHult may be aafScieiilly obvious, it may often he far from 
e&sy to decide mwhat manner the change has been brought about) 
and wbat parts espceially undergo solution, contrartion, or gela- 
linisation. If we merely observe such preparations without tracing 
tlie aciiun of tlje eiieniical reagent upon them under the micrtj- 
aco[>^ we soon ace how readily we may fall into error. Hence in 
ev^ry case it is expedient vhtn examining a preparation, at the 
same time to observe the direct action of the Sitme reagent on it. 
Xn the latter proceeding there are various meaus l>y which we may 
be assi?rted in accurately observing tbe direct action of the chemical 
reagent i thus, for instance, Hcnlc rccommenda that a hair should 
be introduced between the sUie on which the object is pieced and 
its cover, in order to regulate the flow of the test siilution, and to 
retard It4 action on the preparation, wliieli is often extremely 
rapid; linen or cotton threads mfty often be more conveniently 
useHf provided they are not affected by the reagent. One's own 
ex|>erienee is, however, a betier guide than any written directions 
in suecessfullv carrying out eKperimcnIa of thii kind. 

Another point of much importance in micr^cbemical researchefi, 
iifhich haa been often neglected ctcq in recent times, and which 
ha» been stror^^ly insisted upon by Dondets and myself, is atten- 

i Arob. f. phyiiol. UvUk. lid, I, S. S36. ^ , 
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lion to the strength of tlie solutions employed in roicro-cliemUl 
A disregard of this rulo frequently led in earlier times to the nr 
<li«repant staTemenCa re^rardiMT Uie action of various reager^ts on 
blood arid |»u!4 corpuscles, rnd at the preseni daj" we maj' possihlj^^ 
aiicribe to tlic shitlc cause the very different a%sertiotis that hav^H 
been made regnrdm^ the aftion of yarioua chemical matters on 
eertain tissues. We shall presenlly seej for instance, wlial dif-^^ 
ferent effecU sre produced en rnuscuiar tissue by extremely diliit^^| 
nioilorately dilute, and concentrated liydrorhloric acid, and wha^^ 
dilfereut conscquencea result from the application of alkaline 
sotntiona of various stren^dis io similar objects. WhiUt tli 
chemist throws together ori^'fltiised parts, crushes the oi^anle cdj 
in a moTtafj and then most lahfinoualy attempt! to fish out t\ 
individual constituents* always> liowever^ carefully paying attentit 
to liis chemical reagents^ and the manucr in which they should 
applied, the micro-cliemical inquirer has often foliowcd a totally 
opposite rour^e; he may hare nlncrved the alteraiioiis in form 
which the object has undergone, while he has nut sufficiently^ 
attended to the nati;rc of the chemical rcn^ents he has employcd|^| 
indcctf^ tfjoy sometimes seem to be splecti'd at hnjvhnanrdT and 
are of such a nature that they cannot lend to chemically serviceable 
results, their application being so irrational in a cheniifal point of 
vie»v that, let their action be what it may, no cnndusive resalta 
can he expected from Ihem. These remarks Itad us to another 
point in micro-cliemical analysis, to which ^-g should pay the mi 
serious attention, and by the neglect of wliich we lose many nii 
important results- 
It is ohvioos that raicro-cbemical reagents ahoold he applii 
for other purposes than merciv for the object of studying thi 
changes of form which the elementary tissues undergo, and of 
investigating their minute stnieture, or of di.'termining wheth< 
this or that histological element be the more nearly allied to l\u 
hypothetical substance, protein, or whether it rather falls into the 
very k'aj^ue catCL^ory of *■ gelatigenous tissue " or whether it be 
altogether diffi»rent from either. M lero-chemical investigation 
must be pursued, with the same aims as every other chemical 
mampohition, that Is to say, it must be directed to the cKicldation 
of the chemical constitution of the object under consideration, and 
must indicate the direction to he folloited in our advance towards 
the ^rtkal of our inquiries. But this point Mill not he attained 
as long as we cimtent ourselves with employing this or that 
reagent at rtmdorit &nd arc satisfied with observing the alteratii 
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of form wMch it induces, and with ascertnining in wbal, group of 
chemical substances tltis or ttiBt p^rt of & Li^aue should be classed. 
MiGTO'Cbcmistry must father furnish us with the mean* of extract- 
ing from the li-iBiie to be Gxamitied one chemical constitucni: afber 
HTitkther, and of thus rendering them more accessihJc to further 
chemical inrcatij^tion. We believe tliat ihe following P^scs pre- 
serl soruc stTikmg illustr&lions of the advantages of this appli- 
cati^>n of micro-chemistry, which hat first indicated the method of 
invt^&tigating the ehenii^jl nature of the textures by the separation 
of the less essentUI parts interwoven with them; it will tlius 
tfarow 3ome light on the constitution of ports like the brain, w^hich 
htkve hitherto delied sll the efTort? of pure analysis. 

If we glance at the somewhat numerous niicro-cbemipal reac- 
tions which have been olvaerved in the difitrent tissues, we shall 
find thftt they have rather excited our hopes than fuliilled our 
expectations. The large number of reagents often scarcely differ^ 
irg ill their actions, and their urtsystemalic aceomulntion, show 
clearlv enough that thia lirancli of science ba^ as yet bt-eti little 
cultivated, and is but ill adapted to lead us to any explanatory 
&ict9> But the cause of the unaatit, factory nature of tlic efforts 
hitherto made to advance histo-ehemistry bv means of miero-che- 
inical eipprimentsj is to be referred les^a to the inefticiency of our 
micro-cheinifal agents, than to theimperfect development ofgcnLTal 
foo-cHemiatry or the theory of the animal auhstrata. Wc cannot, 
however, fmpe to make great or brilliant progress in the chemical 
tnowiedgeofthe tissues until themista shall hai'-e succeeded in throw- 
ing light upon the protein bodies* until betler nnalytical methods 
we discovered for the dlMinctioii and separation of these widely 
differing* although in some resiiects analogous substances, or until 
some more reliable methods can be adopted fur the establishment 
of less hv^MJthelical formnlie than those hitherto employed — as, for 
instance, in the case of albuminous substannes. The protein 
hypothesis has frequently served as the Trpanov ^ei^So? for giving 
scope to hazardous conjevtures on the nature and formation of the 
ti^ues, as well as on the entire metamorphosis of matter in the 
uiimal body. We have* therefore, abstained as far as possible 
from giving the artifrcial formulce and equations by which it has 
been attempted to e:chibit an ideul connexion between the compo- 
•ition of tbe different tissues and their origin and metamorphosis, 
since it appears to ns that science in its present undeveloped state 
more es|>ecially demands L'aution in the indulgence of fanciful 
hypcjthescs. A cautious reserve in this respect Is rnore eapecially 
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And Bowman, and after^T-ards more fully by KSUiker, %aft on« Into 
which it was the more eaay to fall, becauae, on the one hand, these 
air-conUining spaceA refract the li^^ht in ita passage from tha 
osseous matrix into these cavities in such a manner that these partf 
appear perfectly dark in consequence of the deviation of the rmys» 
find thus resemble opaque objecta, such as we often find {in another 
form) in morbid concretions, and because, on the other side, it il 
only with difficulty and by a very slow process ttiat these empty 
spaces and passages can be filled with Auids- (The best fluids for 
this purpose are the oils and balsams.) 

Virchow and Donders^ and more recently Hoppe,* have shown 
the extreme probability that these bone-corpuscles and their pro* 
longations are not simple excavations in the bone, hut that they are 
lined by n membrane, by finding that after the prolonged ebuk-* 
lition of pieces of bone (the tegumentary bones of the sturgeon) the 
corpuscles, with their prolongations, remained perfectly intact after 
the solution of the matrix, Drumn^ondf maintains, aa Kolliker 
had previously done, that a nucleus is constantly present in the 
bone-co qtn scles > 

Tlie easiest method of demonstrating that the bone-corpusrkf 
and their prolongations are cavities, is to apply a little pure tuqjen* 
tine or Canada lialanm to the edge of a long thin nlip of bond 
(which, after perfect drying, serves the best to exhibit these parls) 
and to examine it under the microscope ; we then perecive the 
dark bone-corpuscles and their prolongations very gradually become 
light, by slowly absorbing tlie turpentine, and thus losing their 
strong refrnctive power* 

Tliese minutest cavities or pores do not contain air in the 
fresh moist substance; they must be filled with a fluid whose 
refracting power is not very different from that of the matnz of 
bone, as is obvious from the investigation of fresh or thoroughly 
moistened osseous tissue ; hence a deposition of calcareous salts 
within them is out of the question. No examination has as yet 
been made of the contents of these pores and c&vittes in fresh 
bones; it must, however, suggest itself to every one, that thia 
system of most minute cavities which communicates on all sidea 
with the Haversian canals (the vascular cavities of the bones) must 
tftke up tbe transudations from the vessels (the nutrient fluid) and 
reconvcy the effete particles in a state of solution into the Haver* 

Dones ail. ^ ^^^^^^j ^^^^ p^ ^ g ^^^ 
^fliaJflraiL^yJouni.of Med^ScicDM. Vol. U, p. Wfi. 
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aifln canals. If vc could succeed \n collecting the conterils of 
tb«9e iniaute tuhes in il stute o^ [nirir^ [nhich ia hy no mcana 
iraposnihle), we ^hotilJ ibu* have an o[>pt>rlunily of clietni<'ally 
cx^tmrning a perfi^ci piiysiologiral plnsmn. 

We perceive* frorn ihi* sliort notice of t!ie different sTstern* at 
cavities wliich penetrate bone, and of tlic variety of tlicir conienls, 
that cvrn m analysing bonts that liavo hecn loni^ urd carffull? 
muocrated, n-eare dealing uiih not only tlie true osseous substance, 
but with other matters, as, for instaure, the remain* of die con» 
tCTita of the various can.-ils, &c. 

But before proceeding to the cbomical consideration of the 
honei, we have still to determine the questi*m whether the true 
matris (indept^ndenllv tif the contents of these canals) i<4 a thoroughly 
homo^ncoiis Enaai. that is to say. whether, moriihologicaliy con* 
mdcred, \t exhibit* npcrfcctlvhomOLlcncoaaccntinnitv, and whether 
in a chemical point of vieWj it can be ru^ijarded as a perfectly 
uniform material, that is tosayj as a chemieal couipoand of certain 
proxiinale constituents. 

The matrix of botie is f mnd on a careful microscopical examinoi- 
tion to he fur from perfectly homogeneous. Iik tlic tirat place, on 
examining well-prepared transverse section*, we pereeive a numlief 
of concentric cirrlea snrroutiding the BCctinn of each Haversian, 
cwoal- Tliese circlca iire true lamell/e, varying in tliickness from 
<WX»2 to O'OOS"' f Kolbker) * Bt-sidcs these hinelltc c*>nncctcd vith 
th« Haver&i:in ciwialsj there ia also a general syf^tem of such plate* 
which correspond to the outer anrl inner surfiice of the bone, und 
are parallel to iUfsc surfitces. (Kolliker^s Funda<nenthl Lamellae.) 
Associritcd with these and interspersed here and there in the iote- 
rifjr of the hone bct\\'ecn the Iflnielljc of the Haversian cimals, are 
isolated gronps of parallel lamellie. (Ko.liker's Interstitiiii Lamellte.) 
The^e are most distincMy Pieen in sections of bone tljat have been 
carefully treated with dilute hydroihloric acid ; hut they may aLso 
be recognised in incinerated bone. But even the individual 
latnellu?, independetjtlv of the very minute tubules occurring; in 
tliem [!he bone-eorpuscles with their prolongations), are not by any 
means homttgeneoua : we remark in them an extremely tine puno 
latcd appearance, depending on tiic prcsoncc of innumerable pale 
gmnules of nearly uniform sisie (according to holliker. about 
0-CXK)2"). KolUker is inclined to regard these granules as identical 
with the angular corpueeles wbieh Tomes found in the fragmenta of 



■ Hikroflk. AsELt. Bd 12, S. aC& 
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incitiented and cruBhed bone, ^nd he con^idera it not Jmprobal 
that the true osseoni tis<ttie, or the matrix of boni?, consisl 
entirely of an iiiLlmate aJinixtLireof Lfntiiules firmly combined widi 
one anotiier. If iWis suppoMtiun Ethauld be confirmed b> further 
investigations, ve could hardly conceirc a juxtaposition of theao 
granules without an inrervenui" substance : and even if this xneur 
regarding the minute structure of osseous tissue should not be con* 
firmecU the granular Qpp&iruoce would ftl^aya luditate against 
homogeneity of osseous tissue- 

The eheiiiicnlj like the physical relations of osseous tiasue, iiidti 
cate that in the minutest parrides of it tliere is a very intimate 
blending of the te^tural elenicitts, hut not a true mixture [or 
cbemica] ccmbiuation) into a homo^cneoua substance. It may be 
inferred from the results of Huppe's cspcriraent", to which we 
have previously referred, that the fjoneeorpuscles and their pro-^ 
longations are invested by an albuminous membrane insoluble 
boiJirg WAler. 

Further, it is an old-establialicd fact that olmost nU the cartii]^^ 
constituents may be extracted by dilute aci<Is frum a bone, witUoi^^| 
aU'eoiing its form, or even de^trnying iLs minute structure i in tlie 
same wiiy llie form anil structure of a bone rejnaiii unclinnged 
when we remove ihc or>!an]c matter from it, either by calcinatiDn 
or by careful boiling with dilute alkalies. These two facrs mi^bt 
at fir^^t seem to be In favour of the view that the osseous li^ue la 
homogeneous, and that there n an actual chemical combinati 
betwee^i its organic and inorganic matters; but when we consid 
tliat tbc very numerous analyses of bone vhicli have been aire 
published do mit lead to the inference that tliere is a definite 
portion beiween the organic and inorganic matters, but on t 
contrary, that the proportions vary extremely in aceordance wi 
the pbysiolof^icfll conditions, — and further, when w e bear 
mind that the cartilage may be removed from hoiic even by 
weakest agents J as for instance, by boiling with water in a Papixi 
digesti'r, or by an extremely dilute solution of pntnsb^ — we feel flt^ 
all events that we have giourids for duubting that the matrix t>^^ 
bone la a chemical compound of earthy and organic matters ; an^H 
we are stren^lhencd in tlicse doubts by obscrviiig that Ihc oiinul^^ 
points grow pule or entirely disappear in osseous substance treated 
with dilute hydrochloric acid. 

A» wc have already spoken, in the firit volume, of the in 
vidual constiliients of osseous substance, we need here only obscr 
in reference to its qualitative composition^ or rothcr, in reference 
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Utftt ol" horica In gcncfiil, lliat llie m«»t esseitlial organic ctmsfi- 
tucjita are gelaugenous cartilage [vol. i, p. .SOfij and fat [vol i, 
|i- 24y), wliiJe liie inor^nit' Are pbosphute (»f lime (vul- i, ]>» 4Jt;), 
p1iDS])1]at« of TTiftgnesia (voL i, p. 4ti2], parbon;jte of linio (vut. i, 
p. 4 IS) and fluoride of calcium (toL i, p. 424). In addition to llieae 
main <.>onslilueols, tlie bores also contain subatancca whicli must be 
regarded as incidental nr unessential constituents of osacoua sub- 
stAUce. Thus tbtf alkaline sulphiire in Bibra's cases* [see vol. i, 
p» 444) ahould probably be rtgarJed aa for tlie most [mti tbe pn>- 
ducl of tbc incineration of tbe bones. With regard to Uie otbtr 
y>luble Srtlts ibat can be estracted by water or spirit from fresh 
pnlrerizcd bones after the removal of their fat, we pos&c-ss no 
itirc-stt!> at links \^'lncli enable us to riecide the question whether tlie 
dilofidc: of sodium* carfhjnale of soda, &c., are al all events in part 
p^ciiUar to the matrix of honcj or whclhcr thcv only belong to the 
blood which i^n never be tliorouj^hly removed, or to the fluid cor- 
tentsof tlie bone'Cnrpusi'lc!^ nnd their prolona:ation3. Preciiely 
the aame may be aaid of the organic substancca wliich may \jc 
extracted from pulverised bone hy digcshon with mere water, or 
more thorouf^hly (together with the carlliy salts) by dilute bydro- 
rhlorie acid. Even the fat which we have enimitTuled amungst 
the main com^tituentR can only occur in extremely small quantity 
in the matrix of bone. For the small quantity of fat [fiom I to 
3^) which wc tind in bone* that hove been as Ihoroiii^'hly as poa- 
lible cleaned and macerated, must be chiefly marrow frori the 
cavities of the spongy portions of the hones, and only a mere trace 
can arise from tlie njalrix; we, moreover, find from the investigations 
of the most dietinguisbed hist^logiata^that the marrow does not pass 
into the IJaversian canals of the compact osseous Guhbtaneen Hence 
it is only by the analv^es of hones which have been well macerated 
and d*-}]riv'ed of their fnt that we ran hope tti arrive at any definite 
Oonduaioo regarding the conatilutlon of the osseous matrix. 

The bone-cartiia^C, obtained by proloni^ed dicjeation with dilute 
■nrl frequently chani^eiJ hydrochloric or nitric acid, occurs in its 
moifit state as a tidenihly elastic, yellowish^ translucent substance, 
which perfectly rclaina the form of the portion of bone from which 
it was obtained. When dried* it becomes very hard, but only 
•lightly brittle. When it has been bo often extracted witti a weak 
acid solution that the latter no longer exhibits any traces of dis- 
aolved lime, the cartilage leav'ea very littleor a mere trace of ash on 
incineration- We have already mentioned that ncitijer Mardmud 
• [Sec the fvo^^ote b pafiD 21.] I 
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nor von Bibra could recogntce any difference between the e1^ 
mentary oomposition of this cartilage and of the glutin obtained 
from it or from tendons or connective tissue* The analyses of 
thoroughly pure bone-cartili^ and of glutin coincide so accurately 
with one another, that notwithstanding their somewhat higb 
atomic weights, we must regard these substances, if not isomeric, 
at all events as polymeric, although we always find a little sulphur 
in the former, which is absent in the latter. Bibra* has made the 
interesting observation, that in fossil bones in which the organic 
substance is still retained, the cartilage is converted into a glutin- 
like substance or into true glulin. After freeing these bones in the 
ordinary manner from their earthy constituents, it was found that 
the residual cartilage fused at a temperature at ^m 37° to 40^ into 
a thoroughly gelatinous mass, which swelled up in water into a 
trembling jeUy, Tliis only took place, according to Bibra, in true 
fossil bones, and not in those which were obtained from ancient 
graves. We shall postpone the description of the characters of 
the cartilage which occurs in bones before true ossification takes 
place, till we treat of cartilage generally. Neither fiibratv 
^g^ky,t or any other chemists have found any essential alteration in 
the cartila^^eof diseased bones; in all cases the cartilage was converted 
by IwiUng wiih water into a substance perfectly similar to glutin. 

As we have already described in considerable detail (in the 
first volume) the individual mineral constituents of bones, and the 
varying quantities in which they occur, we shall here merely pre- 
sent the reader with a general scheme representing the coTistitutioa 
of compact osseous tissue, as deduced from the best analysea: 

Phosphate of lime ... 5? 

Carbonate of lime - . . 8 

Fluoride of calcium ... 1 

Phosphate of magnesia • . 1 

Mineral constituents , • • 67 

Cartilage 33 

100 

The fluctuations in the proportions of the individual constitu* 
ents are by no means inconsiderable under different physiological 

* Cbern. Untenacb. ubcr die Knochen q. ZiLline. 1644,8. S99* 
+ Op. cit. p, 319, 

t BokiianHky'H Huidb. d pAlhoh Anat. Bd, 3, B, 20a [gr EngUah TiaiuA. 
Vol, 3, p. \S2].^ 
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com' tioiis^ <u has l>eeii already slitjwii iii tliff fir-^t volume. The 
differences wiiich Uie different bones of one and tlje same indivi- 
dual exhibit are eapecijilly interesting. Von Bibra hiift cspecijilly 
eluddated this point by the most conclusive results. With regard 
bo tbe proportions between the organic nrid iiiurganic matlerHj 
Reca hft^f next to Bibra, moat distinctly shavrn that the htmes of 
Iho extremities are in general richer in earths tharr those of the 
body; of the former the humeriia and femur contain somewhat 
Uiiire than the other (^yliudrical bones; the cranial bones contain 
About the flame quantity t)f eartbe aa the cyUudrical ones, ^^1lile 
tlie metataraal and metacarpal bones have a closer affinity in this 
respect to tlie bones of the trunk- The ribs and the davlcleH con- 
tAin on an average rather more organic sulistance tlian thevertehr^j 
those of the pelvia approximate very closely in this respect with 
the Laat-named bonea. The carbonate of lime appear* to be entirely 
dependent upon the quantity of tlie phosphate of lime in the 
dJ^erent health V bone^ of the same incli vidua] ; at aU events, Bibra 
found that in the most diverse bone?« of the same anini»1, tlie car- 
bonate and phos|)hate of lime always atood in nearly the same 
ratiop Moreover, it would appear from the observations at present 
in our possession, that tiie quantity of magnesia in the different 
bonei rises and falls with that of the phosphate of Hrae. The 
short bones always contain, according to von Bibra, more fat than 
the cyUndrical bones, even where the furmcr have been as com- 
pletely M possible freed from B|iongy substance. The quantity of 
water contained in the bones has been made the subject of special 
inve*4tigaUon byStark*^; it cannot generally be detcrn lined with much 
accuracyf but Slark'a obsen-ations ahow tfiat the flat bones contain 
more water than the cylindrical [probably from the former being 
the more vascular). 

Although the female skeleton is on an average far lighter than 
that of man, the comparative analyses of the flame bones of both 
sexea show very trifling, anUj as it would appear, altogether un- 
essential differences. If we may be allowed to assume (with 
physiriansj the existence of a certain predi'^positiun, we would say 
tll&t it would n[ipear from the various recorded analyses of morbid 
bones, that the female liones more readily undergo a loaa of earthy 
constituents than male bones, or to speak more correctly, that 
processes which contribute to the absnq>tion of bone-eivrth arR 
more rre<|uentlj developed in the female than in the male 
organism. 

• Edio. Med. ud Surg. Jiiuiu. Vol. lf>3, pp> SOa-liS^. i 
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It hiis been fouTid that in inan as well as in the other mamnulia 
and in birds, the hones in youth, especially in the human race^ 
contain less earthy constituents than those of adults, but that in 
advanced age, the bones are universally richer in earthy or mineral 
matters (Thilenius, Davy, Schreyer, French s,* von Bibra). We 
cannot decide from the facts in our possession whether the dimt* 
nution of the earthy matters, which has been often observed in 
the bones of aged persons^ is dependent on physiolc^cal or patho- 
logical causes. Different observers have arrived at very different 
conclusions regarding the ratio of the carbonate to the phosphate 
of lime at various periods of life. It has been already stated 
(vol. I, p. 419) that I found far more carbonate of lime in pro- 
portion to the phosphate in the bones of a new-bom child, than in 
those of an adult and of an old man, while von Bibra found on an 
average far less carbonate of lime in the bones of young animals. 
Moreover, von Bibra found rather more phosphate of magnesia in 
the hones of several very young animals than in the corresponding 
bones of those that were older. The period of life exerts, accord- 
ing to Bibra, no essential influence on the amount of fat in the 
bones. 

It can hardly be doubted that the food must exennse some 
influence on the constitution of the bones — a view which seems 
proved, not merely by the experiments of Chossat and von Blbra,t 
(referred to in vol. 1, p. 413), but also more especially by the in- 
vestigations of the latter observer on the bones of diflerent cUsseft 
of animals. 

It appears from the numeroQs investigations of von Bibra and 
Stark on the effects of diflerent kinds of food on the bones of the 
mammaiia^ that the amount of cartilage remained unaffected^ but 
that essentia] differences were induced in the composition of the 
inorganic constituents. The bones of the herbivora contain on an 
average rather more carbonate of Hme than those of the camivora; 
the bones of the pachydermata and cetacea were found to be 
especially rich in this sidt by von Bibra (who always used the 
femur in the^e comparative analyses). There seems to be no per- 
ceptible difference in the amount of fiit in the bones of the cami- 
vora and herbivora; von Bibra, however, found that the bones 
of horses contained very much more fat than those of other 
animals. The bones of &t animals usually contun more oily 

* Add. d. Ch. u. Phonn. Bd, 45, 5, 2^1. 
t Op, cit. p. 47- 
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than ttiose of lean one*, and hence llie bones of In'hernat- 
big aniKulH coulaiin con^idiirahlv more fai before ihiin nfCer their 
«tntcr-Bleep< According to Stark, liumui bonea are richer m 
thftn those tjf any oUicr mumniaK 
'*ij> Babra almost invariably foand more bonC'^Jirth in th« 
of birds than in [Jiose of M»ajnma]s_ Tlie rasores were tbc 
it hi mineral auhnUnceA (t}ie menM bdng 75 8} ; in CcJujuba 
ir the earthy matter rose to S4"3};). The hunts of carnivorous 
hirda ar? generally only sliyhtly richer ta enrthy salts than those of 
HMunoiala. The r&tio i^( t)ie car)x>naLe of lifne to the phoKphate 
11 generally greater m the bones of birds than in tho-ie of mainmals. 
llirre IS, on an overage, mtlier more fat in the bonea of birds than 
of mammals, and the graiiivorous, and esjiecially the aqimlic birds, 
m tiiii rc^ipet't exceed those livinj on flesh. Aceording to Stark, 
the buiic^ i>r liirds contain more water than tikose of rnanimala. 
Moreover, the bonca of grarivorous birds contain rather more 
than other bones. 

has aUn inst-iiuted comparisons between the organic and 
subslnnees in Ihe liuiies of mamntnN and birds, but liis 
are not in accordance with tho^e of von Bilirn. In all 
H^fibiiity, the ort^eous sobMnnee had rot been pcrlectly dried in 
^K of Stark's comparative analyRcv. 

Oar knowledge of liie mmposirion of the bones of the 
aviphi6m is tihnobt entirely due to tlit; laf>uiir» of \on Bibra. 
These t>*j«ea contain an average less inorganic matter than tboaeof 
momniala and birds [Mmse of the Sulamandrida, for instunc^i only 
55Jj And tho«e of the frow G'3^) ; moreover, the ratio of ifie 
cartiunate of lime to the earthy cmistituenta ^eiiendly, h less in 
the btines of tlie amphibia than in those of the preceding classrs* 
Ji% has l>ecn already staled in vt^L J, p, ii-l, von Bihra found a 
tonsiderahie quantity of sulphate of soda'^ in these bones. 

Tlie Imiie^ of finhot are poorer in ininerdi constituents than 
tliose of any of the preceding classes (tlie earthy matters \arying 
from 21 to 57?j- Although, with regard to the earthy salts, ihe 
oaHkonate of Lime a]ipears to a certrdn extent to rise and ML with 
the phosphate, no definite proportion can be detected as existing 
Ijetween tlicnn As in the case of the umphibia, von Bibra found 
these bvnea contained more aulphalea and fat than those of 
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* (The Editor rcgreta to find ihnt a raOi&J- impotlflnt (rro/wm wmji-d hia 
»tin> in mjrjeciiDE tlie pji^e i-eftn^'d to in tUc tcjtt. lu Line G from tlkfi Loltom 
of ymge 4ii^ read " ml|jhiita of hqiIil*' in place of '^Hoda."] 



22 OSSEOUS TtSSUB. 

mamiDoIa or birds. According to Stark, the bonea of fishes con- 
ttun more water than those of any other animaU. 

Notwithstanding the enormous number of analj'sea of morbid 
hones which have been made by different chemists, very fewreaulta 
with any claim to certainty have been obtained regarding the com* 
position of the bones in definite diseases. To this unfortunate 
circumstance we must in a great measure ascribe the difficultiei 
which present themselves in diagnosing diseases of the bones 
during life, and often even after death, if we regard the diseased 
bone merely aa an isolated pathologico-anatomical specimen. We 
need only refer to the o^^teomalacia of children (rachitis) and of adults, 
to the different kinds of osteoporosis, to primitive and consecutive 
scleroses, to Ihe various osteophytes and ivory-like exostoses, 
&c. It appears to be often difficult, without a previous knowledge 
of the mode in which the bone-disease was developed, to give a 
decided opinion on its nature, even when it is brought before us as 
a piece of morbid anatomy. We are, moreover, inclined to believe, 
without in any way criticising the anatomical observations hitherto 
made in connection with diseases of the bones, that the whole 
subject requires further development in a pathologico-anatomical 
point of view. The chemist must therefore be pardoned if [as has 
more than once happened) he should mistake osteoporosis for 
osteomnkcia, if he should regard an osteopsathyrosis as softeningof 
the hones, and not as a subdivision of osteoporosis ; in shorty if in 
many cases lie should confound osteoporosis with osteonnatacia, and 
rachitis with caries- It is no wonder, then, if in the analysis of 
osteoporotic bones we rarely or never ascertain whether the rare- 
faction of the osseous tissue depends upon a simple syphilitic, 
arthritic, or tuberculous ostitis, or on an excessive growth of 
medulla, or on simple atrophy of the bony tissue; that is to say, 
upon the disappearance of the above-mentioned concentric osseous 
lametln from the Ilaversiaii canals. Nor need we wonder that we 
are yet so comparatively ignorant regarding the chemical consti- 
tution of the osteoscleroses ; for excepting the analyses of Ragsky,* 
von fiibra,t Schlossberger,]: Gerster,} Gruber and Baun3ert,|| 



* RokiUniky-i Haiidb. d. p^thgL Anat. Bd. 3, 8. 201-305 [or Engliah 
traiulAtioii. Vol 3, pp, IB0-ia3.] 

t Arch. f. pliyH. Ildlk. Bd. 6, & 287-209, 
t Ibid. VaL8, pp. 60-87^ 

^ Jbid. Vol, e, pp. U2-i4e. 

1 DuklrKge z. Anal. FhyBiot. u. a. w. 2 Abth. Pr*g. 184?. 
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C- Schmidt,* and C, O, Wel>er,t we find very few chemical 

invest igationa accnnif:iaiiied with a history of the di-WHKe under 
nbich tlie pnlicnt labuurcd. In iht ahaeroc, therefore, of an 
accurate history of the case, we can ascertftin very Little from our 
numerous analyses of mcrbid bones, seeini^ that in the great 
majority of caACS only very uniniporlsint difft^rentes are apparent 
in tbc coiTi[Ki&itiDn of very diirer^ntly named morbid brines, Mort^ 
over, sucb different methods have liecn employc^i In preparing Iho 
bone3 for analysis, and in eonductinE^ the exaini nation, thut the 
resnlt* that nre obtained do not udmit of comparison. 

On entering upon the vpcctal piaminatioji of iht; rfsults of 
the» numeroLia inveati^Uona, we have^ tirnt of all, to notice the 
general proposition enuneioted by von Bibra, timt in almost all 
morbid proeesses implicating the bones the mineral substances are 
ab^ttiafted from the tissue earlier and in lar<;er fjuantity than Uie 
organic matter; and that in almost all diseased bunca a relative 
increase of the cartilage is observed. The bone-earth is not only 
earliest sfparaled from alrt-ady formed bones daring nxorbiti eon- 
ditionVj but it is also la^t deposited in tlie hones after ihe cessation 
of dUease, as, for instance, is seen in the composition of the scle- 
roses ; for a bone, or a part of a bone, often exhibits the most 
decided piiyswil characters of sclerosis vben the earthy consti- 
tuents are far below the normid average. It, is nn error to suppo«! 
tiiat in AclerotiC bones there is more earthy mutter and Jeaa 
cartilage than in nonitaJ bones. This much only is true, that in 
consecutive sclerosis, that is to sav) after osteoporosis or osteo- 
malacia the bone gradually recovers its earthy constltucntaj although 
not always to audi a degree as to reach tbe normal proportion 
between the inorgnjiic and organic matters. At ell evenia, tlie 
analyses of Kagsky and Baumert do not prove more than this. 

The cartilage is very rarely uftected in morbid bones. Most 
observers liave ohtuirLud tlie ordinary glutin from the Chrlilnge of 
diseased booes. (In some cases of vi^ry decided rachitic bones 
both Marchand and 1 Eiave failed to ohtam any true i^Iutio') 

Tiic amount oifat in the hones lias only been accurately deter- 
mined in a few case*; hut von Bibra*s analyses lead to the infer- 
ence, that generally when, in cotiaequente of distiise, a bone has 
aufiercd a loas of earthy matter, and atiU more of its cartilage, the 
quantity of its fat is increased. ■ 

< Ann d. Cb, n. Pharm. Bd. Kl, 3 :i39. I 

f Cominantalla pmnnio dtti&Ui- lJoniici!<, tSM. * 
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A very important question forces itself upon our notice id coih 
sidering the diseases of tlie bones, namely, whether there are con-* 
slant clian^es in the relative proportions of the mineral constUuetUiy 
and especially uhethet, when there is reRoq>tion of the hone^eurth, 
the strongly basic phosphate of lime is replaced by a less basic 
salt. Unfurtunatety most of our analyses of morbid bones are not 
of such a nature as to enable us to elicit from them even a probable 
answer to this question. How seldom, after the bones have been 
properly prt'paretl for analyaisj has it been attempted to aacert^ 
the quantity of car]>onate of lime in the fresh bone, or in the earthy 
constituents, by tlie direct determination of the carbonic acidl 
Indeed, in most analyses, the older method of Berzelius for the 
determination of the phosphate of lime has been employed, accord- 
ing to which we could never Jje certain whether we were weighing 
8CaO. AVO^ or SCiiO.PO,. We shall presently notice the reasons 
why this and similar questions arc not so easy to answer as might 
at first sigiit be supposed. It appears, from the analyses in our 
possession, as if the carbonate of lime tirst diminished and sub- 
sequently again increased in a corresponding proportion with the 
phosphate, in diseases of the bones ; it is only in osteophytes and 
new formations of hone that we frequently find the carbonate of 
lime exceeding the normal standard. 

Afti^r the preceding observations, it would scarcely seem neces- 
sary to consider the composition of the bones in reference to the 
ordinary nosoloi^ical dassifieations j we must, however, attempt this 
course, partly to show how deficient our knowledge on this subject 
is, when we cease to he contented with abstract diagnoses or mere 
nominal designations, and attempt a more scientific mode of con- 
sideration, and partly also to demonstrate that unless we implicitly 
follow the leadiTig maxims aAbrdcd to us by pathology, little real 
advance (^ an he made in this department. 

If we Follow the method of inquiry at present pursued in patho- 
logy, which refers almnst all anatomical changes of the tissues and 
organs to a so-called inflammatory process, we must begin by 
studying the chernical changes which are coincident with the tei- 
tural alterations of the hones that are induced by an ostitis, a perios- 
titis, disease of the medulla, &c. But wlien we see the results of 
an ostitis exhibiting themselves in various ways, according as it 
depends on purely local causes or on specific or general diseases, or as 
it attacksthis or that group of bones, we may at all events conclude, 
a priori, that even where the textural changes are nearly the same, 
the chemical constitution of the altered bones need not be similar 
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or eren analogous. Tlius it Is eas]f to form n conception of usleo- 
pOTosea whose origin might be depcnUent on such different morljid 
ftfTeetions that aocordinc; to the dijTercnt di»4ea!ied condition from 
wEiich they nrose^ they mu!4t have a tJioroughly different chemJcnl 
toinposLlion, although luorphclogically tliey iiiighl he extremely 
■imilar. This ht shim'n in a certain degree by the analyses which 
we at pfeaent possess of osteofiorotic hones, although iFicse investi- 
gnciuns are far from being ako^ther satisfactory ; and seems must 
deoidediv e-stablii^litrd in the ea^e nf cstries. Adopting the view 
field by oii;rbid anatomists^ that in ^animation of the hones ter- 
minutes in hyperlrophy, wc have three kinds of hyporostoaos to 
consider, wbicli morpholoyieallvT arid in part also cheniieaUy, differ 
froni one anotier, numely, prininry si^lerusisj oateophyte, find 
eiOHt^rsiSi 

Wc poasesa two arialy^s, made liy Ragsliy? of primary scUrositt^ 
whose oecuTfence is ;;enerally supposed to depend 0|>Qn the 
gradual conversion into cartilage, and finidiv into bnne, of B" exuda- 
tion \^ itliin the medullary caviLies and the Haversian canals (b^ 
which tbeoascoLis tissue becomes condeiiMcd aiid i*!moativury-like) ; 
they dft not, however, at t\\ indiontc an augmentation of the 
tDinera] constitvients of the hones. Kvon in true sclerosis tfjere ii 
never an excess of earthy matter in proportion tij the organic siib- 
itAnce deposited in a hone, and lieiice, we cannot suppcse that in 
primarv sclerosis such on ougoientntion of the mineral substances 
shouM occur. When the exudation la transformed into oeseoua 
sulistance, ihis ne^x'ly formed structure mu«i at first coutjiin less 
miiitral nmtter than true hone, and on this ^tccnunt^ as indeed is 
completely in accordance with the analyscft. it happens that wc often 
tincf a relati\*c diminution of the earthy matters in sclerotica 
bones as comp.ired with normal osseous tissue. All that we ean 
dedkjce from our analyses of socli hones i% that on the one hjind 
their organic basis differs in no resiiect from the ordinary ^elali- 
^nous cartila^et and that on the other, there is a considerable aug- 
mentation of the carbonate of lime in proportion to the phosphate. 
As 0Mtt-'ij)hj/ffisi\ new formation of osseous sub^itance on the sur- 
face of bone, its com position must naturally vary rery considerably 
with the length of itsexistence, thatis toaavT with the stage of deve- 
lopment into which it has entered from the period of the oHi-inal 
formation of the eiudntion. In the majority of ca-ses both of 
pnerpcral and other osteophytes, it has been found both by Kiibn 
and myself, that there lias been an excess of organic substance and 
of carbonate of lime above the normal mean. As in eallu^i 
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(according to Valentin), >o also in osteophyte, there is morecai^KK 
nate of Itme than in those products which are more similar to 
osseous tissue. No attempt has been made to ascertain whether 
in the early stage the cftrttlage yields chondrin on boiling, as is the 
ease in callus and bones previous to ossification ; but gelatigenooa 
cartilage is contained in perfectly ossified osteophytes. 

The analyses of exostoses lead to the same codcIusIods aa those 
of osteophytes (Lassaigne)- 

OsttoporosiMj which is a dilatation of the medullary cells, and of 
the Haversian canals, may also he the result of inflammation of 
the boneSi since the exudalion that is deposited induces a resorp- 
tion of the lamellce, and consequently a rarefaction of the tissue. 
But, according to Rokitansky, osteoporosis may also result from 
excessive development of the medulla, which then penetrates the 
canals, dilates the cavities^ and thus increaaes the volume of the 
affected bone. Finally, osteoporosis nmy arise in consequence of 
old age or of certain dyscrasite (arthritis, syphilis, &c-,) throi^h 
simple atrophy with resorption of the lamellee surmunding the 
canals, and it then yields an extremely brittle product (osteopsa- 
thyrosis). In the chemical investigation of bones that have under- 
gone rarefaction (or expansion) these three conditions must not be 
overlooked; in all previous lEivestigations, however, little or no 
attention has unfortunately been paid to these differences. 
Analyses of porous bones have shown nothing beyond the fact that 
in general the resorjition of the mineral matters of the bones, even 
in osteoporosis, proceeds more abundantly than that of the carti- 
lage, and that the cavities which have been produced are filled 
sooner or later with fluid fat> U has been inferred from these 
analyses, that the carbonate of lime is resorbed in relatively larger 
quantities than the phosphate ; but it is only in a few analyses that 
this relation is perceptible, and in these, the nature of the osteo- 
porosis affecting the bone is doubtful. Glutin has been found in 
tlie cases in which the cartilage of such bones was examined for 
gelatin, and consequently the chemical constitution of the organic 
substance remained unchanged* 

In a chemical point of view, osteomalacia has been more inves- 
tigated than osteoporosis; but here we must distinguish between 
the osteomalacia of childhood, that is to say, rachitis, and tbfl 
softening of the bones in adult life. Yet, notwithstanding the 
analyses of Marchand,* von Bibra,t Davy, and Ragsky, to which X 

* Janm. t prukl. Clietn. fid. 27, S. 03. 
+ Op. dt. p.2»l. 



ITS COMnOSlTlON JN niSlIASES- 



27 



nuy add my own,* we are still in ignorante of the p!ininliiy;io[il 
procos'and tbe morbid product of i rue rachitis^ Our analyKCs ure 
only io fw ficcorrtant, that ull a^ce in assuming lliat rarlfitis 
induces a considerable diminutioti of the mineral constituents of 
tlie hon«s, altlkough it still remains to be decided whether t)iis 
diniiiiution may not he in part a relative one, depending merely 
upon an increase of cartiU^o- The assumption of many patholo- 
gical fiiiatomUts, that the rachitic process is connected with truo 
bypertropJiy of the ho re -cartilage, mii'^t at The present day be 
f^urded us, to suf tlte leaj^t, very improhahle ; fir wlien ranhitic 
boEies. which have been only moderately macerated and deprived of 
their fat, are examined in thin sections under the mirroaoope. the 
Haversian canals and tacun/e (bone'Corpu^elea) are nor found to be 
filled witb organic matter, but are either empty or dilate*!. If we 
calculate the analysis of an iraperfct^tly tnacereted bone, containing 
fill its fat (and the ^claliiLOus auhatancc ellu^ed into the mednllary 
canals) for lUtl parts, we shall indeed olitain an absolute excess for 
the organic coitatituents, ami a relative delieiency for ihe inorganic 
maltera; but these relation* do nut prove the cKisCenee of liypei^ 
trophy of the cnrtiln^e. Such a condition cnn only he microaco- 
ptcally and ehcmLcnlly «hown in those raohitic bones which exhibit 
a tendency to heuUn^ through ^'lerosis ; nn absolute augmentation 
of the cjirtilage can be detected only in these cases, and nut in tbe 
highest stage of the apiicial ruclntic process. ny|>ertrophy of the 
cftrtila^ constitutes the basi»j, not <jf softernng of the bonos, but 
of osteoaclerosis, more especially when it octur* after rachitis^ or 
aflff osteoporosis. Tbe nature of the carlilai*e generally re- 
mains altogether uneiianged in rachitis; but Marchand and 1 have 
obacfvcd eases of highly developed rachitis^ in which no glutin 
could be extracted from tbe bones, although after prolonged hoil- 
mgf 1 obtained a sligiitly gelatinising substance wbich yieldetl 
aome of the reattior>a of cliondnn. An exact deleraiination of llie 
relationa of the earthy cunstitucnta of rachitic bones is the more 
important from the light which they appear to throw on other pro- 
cesses, and on the nature cf rachitis itself. Tlie carbonate of iime 
apf>ears from several analyses to dmimlsb proportionally to the 
earthy phosphates, but other analyses [as for instance those made by 
Marchand and myself) yield a liiyher amount for the carbooate of 
lime than the normal proportion. Although tbe phosphate of lime 
[0 nfieii much diminished, the rachitic pr<»<^es» cjinnot be coii- 
ditional apon tbe occurrence of free acid, as has been assumed 
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from a single observation by Marchand. The usnmption that 
carbonate of lime is removed from the bones, is controverted not 
merely by the result of analyses, but also by the indifferent beha- 
viour of decidedly rachitic bones towards blue litmus- The «b irf 
these bones occasionally yields more carbonate of lime tb&n we 
calculate from the direct determination of the carbonic acid in 
the fresh bones (after being merely deprived of their fat) ; a portion 
of the lime must therefore have been combined with some organic 
acid, which, however, need not necessarily be lactic acid, since a 
btty acid or some other substance may have been combined with 
this base. The frequent occurrence of free uric acid, lactic acid, 
and oxalate of lime, in the urine of rachitic ciiildreni cannot be re- 
garded as affording evidence of the existence of a so-called lactic 
acid diathesis or dyscrasia; we shall indeed have occasion to 
show that the osteomalacia of adults presents more grounds for 
the establishment of such an hypothesis. Whether the basic 
phosphate of lime found in the bones of rachitic patients is con- 
verted into the 4 basic salt is a question which must be decided by 
more exact and direct inve'^tigations than any hitherto made. 

The Craniotabes (of Elsasser) Is probably nothing but a form 
of rachitis which afft^cts the occipital and parietal bones during 
the period of suckling, and we should, thercforcj make no special 
reference to it, were it not for the purpose of drawing attention to 
the admirable Investigations made by Schlosshei^er* on tliis sub- 
ject, which may, indeed, serve as a model for all similar inquiries. 
He ascertained that the 63§ of mineral substances, which he 
found to occur in the normal occipital bones of healthy children 
during the first vear of their age, diminished to 51f in the simply 
attermated parts of the bone, and to 40 or even to 2S% in the 
thickened and spongy softened parts ; he found that the carbonate 
of lime was ]>resent either in a normal quantity, or only slightly 
diminished, and that the cartilage was so far sound that it yielded 
ordinary glutin on boiling, whilst the fat, when compared with that 
in the rachitic bones of children of more advanced age, was not 
at all or very slightly increased. 

The osteomalacia 0/ aduits, which undoubtedly depends upon 
osteoporosis accompanied with diminution of volume and a depo- 
sition of fluid fat in the dilated and newly formed cavities, would 
appear to he more referable than rachitis to the excessive formation 
of acid in the organism ; but a thorough investigation of the nature 
of this remarkable disease and its products (such as that by 

■ Arch. f. phys. Heilk. Bd. 0, a 69 87. 
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feblossWrgtT on traiiiotal«?fiT *■'> wfiirli we linvc alrt'ftdy ffferrerl) 
is still wanting^, Bnatock,*" Prmch,t Bonner,! myaelf.j von BibrEi» 
Ra^skv, Gerster,|| C. Schnucit,l[ and Wdjer*** huvc sulimitted 
dkcse Ikitics to examination. The esrtiiy conatitueits of tha ljoite« 
■re iDore iliininisJici:! here than in any of the oilier bone-diM'a^te* 
we have considered; but tike physidl exacLij nation aliowa lliut & 
Urge portion of tfte cartilage is also destroyed, whilst the almoH 
brittle uetwurk of re«idiial bony njatter floats iti thin 6uid fat, 
wliiel] amounts in soire vases Ui 20 nr 3[J^. Tlit^ os^eun^i anl>Ntanoe 
which IS obtained from these hones oct^icknaUy yields ^luLin on 
bothng; but when the bones arc very thoroughly afl'ected hy the 
disease, the organic mfiUer yields no f^elutiiirsin;; suhstarice bkfl 
glutJii or chondrin, 1 could not disemer that iim fat of theM' 
buniTft rijnlrtined jdio^ipborus, as Nassett found was the ciise with 
ordinary' bunea, C. Scbniidt proved in the tocjit unequivocal 
enaimer that free lat'tic acid was present in the Huid of the cvhn- 
drical bones. The doid occurring in these Itones exiiibils very often, 
although not invariably, an aeui rvaetion ; aiid Jihliutir^h tlie excess 
uve ijuantity vf fat may in soiuc cartes iiii|jtdt^ the a<;tiu[i on Ittinui 
paper, I have known cases in whicli some of the bones of a patient 
affected with o osteomalacia exhibited an acid reaclton (as the femur 
And tibr[i)f whilst others (09 the ribfi and pelvic bones) showed no 
trace of the pre^enre of acid, even where there was a sinalirr accu- 
mulation of fat. \Vc cannot, tbcrt'forc, refer the resorption of lh« 
honea to the occurrence of free lactic or fatty acids, unless in 
direet opposition to welUattestcd facts, Tlic occurrence of the 
lactic -U-'id may perhaps he owing (o the devehipEuent ol a cliemieal 
pioccfta in the broken-down fragmenta of the bones, which gives 
rifte to the fornnfttion of an badj as Gcrstcr, Schmidt, and Weber 
observed in the ease of perfectly disintegrated liones- The ona- 
tomieal investigation, as well as the analysis of ilje individual 
murhitJ process, renders it more than prohabic that the occurrence 
of the fat in the bones <](icb not exert a primary influence on their 
diaintei^ration, but acts only in a .secondary manner withiu the 
spongy parts. The mineral substances decrease very considerably 

' Uedku-Chirur^fic^ TraaButioDB, Vol. 4. p. 30. 

f Ccunineni^ inaug. dp c4iti-om. iididl. Ht'iili'lb. J8.1£L ■ 

] Valt^utina Ucpert. ]ai^,d- 304. J 

<| Ann. d Cli. a. Plitfrni. Bd. Gl, S. SnJ. I 
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when compared with the cartilage in thia form of osteomAlftcta, u 
will be readily seen if we exclude the fat in the calculation of the 
analysis. It is remarkable that notwithstanding the acid reaction 
of the juice permeating the bone, carbonate, aa well aa phosphate 
of lime, is found in the macerated bones ^m which the fut bat 
been renjoved, and that the former even appears to be lest 
decreased than the latter- Weber it the only one who baa invet- 
tigated the composition of the phosphate of lime contained in these 
bones; he founds in addition to carbonate of lime, {■ basio 
phosphate of hme, and believes that the phosphate of normal bono 
(3 Ca O- POj) is converted by means of the free acid into this leai 
basio salt* If this interesting fact should be confirmed by future 
investigations, it must still appear very striking that so much car- 
bonate of lime could be present in fresh bone, together with the 
free acid. The affections which we comprehend under the term 
osteomalacia may, therefore, possibly admit of being subdivided 
into tu'O differeut processes. It will in like manner depend upon 
future sod more carefully conducted investigations to determine 
whether, as we are induced from various reasons to believe, the 
arthritic process actually corresponds with that of- osteomalacia. 

Carious b<'nes, the products of ulcerous ostitis, have been very 
carefully examined by Valentin* and von Bibra.t The ulceration 
BO ^dually destroys the bone, that the mineral constituents dis- 
appear to a greater extent even than the cartilage before the entire 
destruction of the osseous tissue, and that the cavities formeil in the 
bones by caries become tilled with fat in the same manner as in 
osteomalacia ; hence we always find a larger quantity of organic 
matter in carious than in normal bones : the residual cartilage does 
not differ from the ordinaiy bone-cartilage, or at all events the 
decoction exhibits the usual reactions of glutin. It appears from 
most analyses that the carlKinate of lime diminishes in direct pro- 
portion with the phosphate. Bibra endeavoured to ascertaia 
whether the phosphate of lime exhibited any difference in the pro- 
portions of its proximate constituents in caries ; he found | basic 
phosphate of lime, but further investigation was required to deter- 
mine this question decisively. 

The chemical investigation of portions of necrosed bone ha4 
not yet led to any important results; nor can we wonder at this, 
when we cimsider the conditions under which separate bones, or 
portions of bones, are necrosed ; that is to say, how they are 

" Valentin's Report. Id^. 
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dtpTived of nutHment hy the inter I'cnti on of healthy parts. Our 
■Jialynea yielH^ therefore, very iioQTty tlie same com|josition for 
ii*Cro::*«d ns fur healthy Ijones ; the organic matter sometimes 
appeem to l>c rather augmented, althou^li it is occasicinaU)' slightly 
diminished ; thevcomrnonly present iheeaine chnractera eta strongly 
macerated bnnea, 

FojmU bitwx hnve also heen maile the subject of niimeroas 
inTestigalions.* The locality from wliich they have been removed 
should alrt-nys he e^mHiciercd in these inquiries, for lo this we must 
obviously refer many of the modifications presented by their eom- 
posLtion ; tbiis,fnr riistanep,the ninRs in which they are embedded 
frequently exerts n chemiral action u|n>n them by decomposing ur 
nnetamorphuhin^ llie or^nnic matter or i!ic pliosphntc of lime, 
whilst it aUo readily becomes infiltrated (espeeialiy its carbonate 
and Rulphate of lime) into the bone-ean:ils. 

Tlie fjuantity of or^anie matter wjntiiiiied in f^jssil boncn varies 
very considerably ; thusj for instance, in some caies the organic 
mfttter contained in them Ims been fomid to be aoamelT diiriinishcd 
when compared \dth Umt of fresh bone^. wliilst on the other hand 
manv of lliese linnes e^iiibit nn remaininjr trace of oij^anic matter, 
Wc have already referred to the observation matle by Bibra^ that 
the cartilage of fussil bones is generally converted into a suhstancc 
which at imee yields ^lutin, after the mineral niJitters have been 
thoroiii^hly removed- U seems ti ftriori more than probable that 
the composition of the phosphate of lime might undergo a change 
in fosMi hones; hot slill this salt has almost always been found to 
consist of ti CaO,.{ PO^ ^vhieh is the same composition as tiiat 
occarring in fresh bone*. It is therefore very questionable whether 
the owrurrence ii( siiall crystals of apatite, .i GaO-PO^, in fcasil 
bonea, or in bonea «bich have lain for a lung period of time in the 
earth (Uirardin and I'rcissert), can depend upon a metamorphosis 
of the chernicaL constitution, or (an seems less improbable] on an 
arrangement of the niinutc pariicZes of pbuspimte of lime into 
crystals. Carbonate of lime generally occurs in far larger qiian- 
titica in fossil than in recent bones, although this incre-j^c is 
frequently only relative, in consequence of the organic subsUnce 
having disappeared from the hone: more commonly, however, 
this carbonate of lime is absolutely augmented either by inliltration 
from without, or in certmn soils, from a portion of the pliospbate 
of lime being decomposed by carbonic acid or carbonates. Mag- 

* Oa tlio iitersture of thin subjects ace V'ul, 1, ji, 425, 
t Anil, ae Chid, et de F1i>a. 3 S^r. T. 9, p. 370083. 
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nevia often ocean in larger qnantibes in Uie fossil remains of 
vertehTated animals than in the fresh bones of the present animal 
world. Tiie greater abundance uf fluoride of calcium which aome 
of our best analysta have found to occur in fuuil bones has excited 
considerable attentiunf more cspeoally since Ltebig* has shown 
that even the cranial bones eicaTated at Pompeii exhibit a larger 
proportiori of fluoride of calcium than the bones of the present 
generation (see roh i, p 424). On the other hand, Girardrn and 
PreisBtr have found that the fluoride of calcium had greatly 
diminished in human bones which had lain long in the earth, and 
in some cases had even whoUy disappeared. There is thus sufficient 
proof that it may increase as well as diminish in a perfectly normal 
manner In the bones^ although this increase or decrease cannot 
always l>e referred to definite causal relations. Alumina, onide of 
irori, and silica, are Hulratances which are very frequently found in 
fosnil boneSf although we must undoubtedly regard their presence 
as due merely to iniiltration. 

We shall consider the bones and cartilages of the invertebrate 
animals in a subsequent portion of the work. 

The analysis of bones is undoubtedly one of the simplest opera- 
tions of zoQcbeniical research^ but so many diflVrent methods have 
l>cen attempted tUat^ noCWLthstandin;^ the great number of analyses, 
we liave arrived at no conclusive results; we see, for example^ that 
the clicinlcal comjiosition of the phosphale of hme contained in tl}e 
bones Is still doubtful, even at the present time. Thus, too, a 
number of questions prcserjt themselves to our notice on entering 
upon the consideration of the constitution of pathological bones, 
which hRve citlicr been wholly unanswered or very imperfectly 
atflved by the analyses in our possession. A more exact knowledge 
of the N|>eci5c gravity of the bones must have thrown considerable 
1lj(ht n|H>n their physiuloi^ical and pathological conditions; but 
wbllxt in ntimy caNes, as for instance, in the examination of urine, 
the df>nhity of tl^c fluid to be analysed is in general more or less 
accumiely determined, tlie determination of this property has been 
almost entirely neglected in ihe case of the bones, excepting in the 
analyses made by Kagsky. Independently of tlie fact that the 
dtnMtly i« an ln}|H>rtajit physical property, deserving special atten-- 
tion in the conEsidcration of the numerous moditications to which 
the bohCH ure subject In a healthy and morbid condiiJon, we might 
expect, ljy a careful study of the subject, to ascertain the existence 

■ Dioorg. Ch. in Anwendg. auf Agric. a. Pfayaiol, B- 140. [orEii^nh Trsn^ 
lalkip, lB40,p» Ifie.j 
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of a definite lav indicating & rektioii between the denatty and the 
proportions of organic and inorganic mailers cojiiained i;»Uieboiie, 
which is obnoiuly a point of llie highest impoTtance- As, liow- 
erer, the proportions both of water and of fiit contained In the 
bone exert a great influcnec on its phyaicnl properties, and these 
mitst neceasarily be most mtimuttfiy connected with its spceific 
gravity, it stiouUJ be one of tfie first poinU in the irwestigaiion of 
tliis subject to institute a comparison hetweeu the specific gravities 
of different bones after being dried in tlie air, after tfic removal of 
their fat, and in a perfectlv anhydrous condition. The determina- 
tion of the absolute weight has been almost us much nei^Iected as 
that of the specific gravity, in comparing together normal und 
diseased bones^ although it is only from this Jeternii nation and 
from a comparison with tbc specific gravity, ti^at we can form a 
jodgment of the metamorphosis of matter going on in the Ixtne 
during any physiological or pathoUi^cal process {and not from the 
pniporUonal mimhers of a single chemical analysis). Althitu^h 
wc must presume that our readers ore acquainted vi it!) the metlioda, 
cautions, »mJ ir^odes of eoirection required for the determination of 
the specific gravity, we would simply draw altcntion lo the fact, 
that tlie pulverised bone (In all conditions under wliich it nmy be 
submitted to examination, whether it have been dried in the air, 
deprived of ita fat, or have been wholly freed from water) shoulfl 
))e k^pt for several hours in a vacuum after tt has been well 
shaken and impregnated with distilled water, such a precaution 
being necessary for tiie thorough remuvnl of all particles of air- 
Few observers, with the exception of Nasac and Slark, hare 
sati*»fuctotily investigated the ^uanHtif of water contained in the 
bones, Nosae was indeed induced to believe^ from hia observa- 
tions, that the water contained in bones exerted no influence on 
llicir hardness, but we cannot deny its influence in morbid bonca 
on tliis and other physical pro[>erlies, Aa bone is very hygro- 
ficopic, we ought to notice the state of the thermometer and hygro- 
meter in comparing the qoantity of water present in ditlerent 
bones which have been dried in air^ before the pulverised bone is 
thoroughly deprived of its water in an oil or air-]>ath. 

The determination of the quantity of fnt contained in the bones 
la more nnccrtain tlian that of most of the other coEJilituents. 
The Fat, OS we have already observed, la limited for tlie nn^st part 
to the medulla of the bones, c^itending only slightly into the 
Uaversimi (or so-called medullary) canaU, The fat which is not 

Kntaioed in the cavities anil interstices of the Ixincs, but adheres 
VOt. ItL D 
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to the true osseous tissue, is very incoiisidei^ble in qnantity, and 
is, at all events, only mechanically mixed with it; it should 
therefore, we think, be always merely compared with the quan* 
tity contained in other bones, and not be included in the per- 
centage representation of the chemical analysis as a constituent of 
bone. The induence exerted by the fat of the true osseous tissue 
on its physical properties has not as yet been accurately ascer- 
tained. We have already spoken (in vol. i. p. 246) of the rules 
which should be observed in the determination of the fata. 

In order to study the composition of the true osseous tissue 
(and this has been the object of most of the analyses hitherto 
made), the bones should in the first place be minutely pulverised, 
carefully washed with water, and then deprived of their hi by the 
action of ether; for the analysis can yield no clear representatioa 
of the composition of true bone until the fatty constituents, and 
the substances soluble in water, and derived from the blood and 
the bone-plasma, have been carefully removed. The presence of 
these substances not only increases the difficulty of the technical 
performance of the analysis, but the analysis itself naturally gives 
only a very imperfect result in relation to the osseous tissue in 
various physiological or pathological conditions. 

It was formerly customary to calculate the quantity of carbontUe 
of lime contained in bone by the quantity of lime in the fluid from 
which the phosphate of lime had been precipitated (according to 
Berzelius'fl method) by ammonia free from its carbonate; but this 
method has been shown by many analysts to be exceedingly 
uncertain- The quantity of carbonic acid in the bones should 
therefore always be determined by Fresenius's apparatus. It is 
very useful to compare the quantity of carbonic acid contained In 
the bones after they have been well washed and deprived of thor 
&t, with that present in the ash. We usually lind rather more 
carbonic acid in well-prepared ash than in fresh bone; this excess, 
which is slight in healthy bones, rises in some cases very con- 
siderably in morbid iMines. This is indeed the only method 
which admits of our estimating how much lime is combined, not 
with carbonic acid, but with organic matter. 

The method employed in preparing the hone-ash is not devoid 
of importance ; for the determination of the earths, we must first 
wash the pulverized bone and thoroughly remove the fat by ether, 
and then after it is completely dried, submit it to the process 
of combustion. Erdmann's muffie aSbrds the most rapid and 
complete means of incinerating bones ; burning them in a platimun 
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Pnicible over Berzelius's lamp is a much leas rapid method of pro- 
ceeding ; in either case it is ailvisnhle thnt the bone-nsli should he 
moUtencd with carhonBte of ammotiia an[l again heated hefure it 
is weighed. There is almost alwava a more or less considerable 
quantity of caustic lime fo^ed during incineration. When the 
above precaution is neglet^ted, tl»e ash i^ often found to yield less 
Ctirbonic acid than tiie fresb bone, a result whicli may, however, 
depend upon other circumalancea, 

With regard to the individual determinations of the phofphorie 
andj 7rifi^Jie*itJ, JJiioriJie, and traces of snlphitric acid, we presume 
that oiiT readers are acquninted with tlie difTerent methods em- 
ployed in analytical chemistry ; we would, howcTcr, especially 
recommend the mode cf pruccdurc devised ])y VV. Hcint?.* 

We bayp only very unsatisfactory data for the determinatioTi 
of the qnantiltiliv-e reialiitna existing between the bony -skeleton 
and the whole weight of the animal organism in different clasHcs 
of aoinialsi and during different dlacasesj and in many eases we 
have no data of any kind. 

At tlie age of 21 years, the weight of the skeleton is to t}iBt of 
the whole body in the ratio of 10'5 : 100 in man, and in that of 
8'5 r 100 in woman (the weight of the body being about 11?5 or 
130 lbs.] 

The speeial eonsiderittion of the pmts whinh stand in n dose 
relation to the lK3nes, sucli as the p^rLDSteum, the marrow, and tho 
cartilaginous inveatmetits^ does not fail within the limita of our 
inqurrvT &ince they arc organic ports eompoaed of several simple 
tissues, and cannot, consequentlyj be made the subjert of a rational 
chemical investigation. 

AhUough numerous histological observations have been made 
on the development of the bones from eartilagef tlic subject 
has been very imperfeelly considered in a chemical point of view< 
In reference to the development of individual bonea, we searcely 
know more at the present day than what was known long since, 
independently altogether of chemical investigations ; namely, that 
the bone, as long as it continues in a state of cartilage, contains a 
substance yielding chondrio, which becomes converted into a body 
yielding glutin during the progress of ot^siflcs^on, wlien the eailha 
arc simultaneously deposited in the bone in large quantiiiea- 
Boussingault made some interesting experiments on pig» in con- 
nection with the absorption of mineral substancea during llie 
development of the skeletoOi It would appear from these obser- 
* ilonaiflUr, der Akiid. der Wlss. e. Uorlia. Ie41»t S.50<fi:i. ^ 
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vationa, that the skeleton of & pig increases on an average about 
L1'7 grammea in weight daily during the first eight months after 
birth ; that is to say, that about G'2 grammes of cartilage are d^j 
formed, and 5'5 grammes of earths (including 2'4 gi&mmes of phos- 
phoric acid) are taken up by the bones. At a subaeqaent peiiod, as, 
for instance, till the eleventh month, the skeleton increases on an 
average about 6 grammes daily, that is to say, there are only about 
2-6 grammes of earths (including 1'4 grammes of phosphoric acid) 
deposited daily in the bones. 



Tha Tbeth. 

Tub teeth have commonly been considered, in a chemical 
point of view, as organs possessing very great analogy with the 
bones, and they have been regarded as purely mechanically acting 
parts, nch in mineral substances, and analogous to the products of 
inorganic nature — in short, to minerals ; but this mode of inves- 
^gating the subject cannot satisfy the requirements of the histo- 
logist or the physiologist. Independently of their mode of 
development, the structure of the teeth differs so entirely from 
that of the bones, and is moreover so complicated, that it would 
be wholly irrational to regard the teeth as formed of homogeneous 
simple tissues, and to submit them directly to chemical analysis. 

When we analyse an entire tooth, we are guilty of the same 
error as the chemists of an earlier age who triturflted complicated 
oipinisms in a mortar, and then attempted to analyse the 
chaotic mass. Even in a citemical investigation of the teeth^ 
wc should remember that every tooth consi?<ts of three morpho- 
logically different parts, namely, the dentine or tooth'Sul>stance, the 
enamel, and the cement. 

The predominant part of the tooth, and that on which its form 
depends, is the dentine (substantia tuimlosa), a fusiform or wedge- 
like body, provided with a club-shaped hollow extremity for Uie 
reception of the nerves and nutrient vessels. Histological investi- 
gation has shown that dentine is not a homogeneous body, but that 
it consists of a perfectly structureless* mass» resembling the matrix 
of bone, and perforated by a very large number of minute ramify- 

[■ Tn the previous edition Lehmaua Mya 'not perfectly stnictorel^'* 
AcoardLng to Kiilliker, the matrix of the dentine in the recent tooth ia qnite 
homogeaeous. After the extraction of the ulcveous salta fnvn the deotiiWi it, 
howflTer, ejLhJUt« & great teudeoo; to break up into Sbrefl. — a, v. c] 
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ing c&jiala. Tliese canals have cf^injiaratively tliick dlatiiLCt viitlls, 
tnd proceed from the cavUiea, diverging towards tlic frxUnioi 
surface of the dentiitc, in the vicinity of which thcf are still more 
minntelv ramified. We do not observe Ixine- corpuscles, or other 
sinictures peculiar lo bone, in the dei>liiie ; but in their jjIeicc we 
have the iMcrjIobtdar »pacts of Ciermfik,* which re&cmhk the 
boLes made hj bullets, \Vc must, therefore, take into occount 
the contents of these tubes (probably the nulrieut fluid of the 
tooth), nntl of the above-named cavities, in the chemicnl investiga- 
tion of the Fresh teeth. It is clearly sliowii by microscopicn- 
mcchcinical c:cnmination, that here also the aiilts of lime are not 
deposited in the cnnals or cavities. 

Hoppe-)' exposed to the prolonged aetion of bailing water thin 
sections of the molar teeth of the pigt the salts having been pr&* 
TJou^ly extracted witli hydrochloric acicl, and the cartilage of the 
cement having been removed with water. The external part swelled 
up, became transparent, and diaaolved, with the exception of a few 
fl&kes; while, on the other hirnfl, the interior became white and 
tmnsparent, crumbled down, and waa scarcely at all solublCi The 
Bolution only contained glutin. The undissolved residue, when 
examined under tbe microscope, presented tlie dentinal canals in a 
perfectly isolated state, and ngj^regntions of dark globules nith dis- 
tinct nuclei: these globuJeb perfectly corresponded with the above- 
inentioried interglobular spaces. Acetic acid dissolved ncitlier the 
C&nals nor the globules, Hence, according to Hoppe, the canals, 
like the bone-corpuscles, possess independent walls which do not 
consist of a gelaligciious substance ; Hoppe considers the globules 
to be cells. 

Sligbt iLS is the reaemblance between dentine and osseous tissue 
in a morphological pointy of view, there ia still less similarity 
between the vitreous investment of the crown of the tooth [or the 
enamfll) and hone. Tlie enamel la a very hard and rather brittle 
compact muss, not permeated Ijy canals or pores, and composed of 
fibres reacmbling 4 or 6-sideid prisms, divert ng from the crowi*of 
the tooth ; whether these fibres [the so-cnlled enamel prisms) are 
agglutinated together by a special intermediate subst;tTiee, ia not 
yet decided: a more accurate chemical investigation may probably 
en&ble us to determine this point. 

According to Hoppe4 the enamelj after the extraction oF its 

t Areb. f.polhoUAnat. Bd. 6,8, 170- IKI^ 
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ftalts by means of hydrochloric ftcid, leaves a tra ct o rea whidi pre- 
ient the charactera of epithetium ; the remains of the prisms 
readily &11 asunder, and do not dissolve on boiling, but break in 
pieces. 

While the crown of the tooth is covered by enamel, the neck 
and root are invested with a layer of cement of varying thick- 
ness. The cement is a substance presenting the greatest rcaem^ 
blance to bone^ and exhibiting the bone-corpuscles or bone* 
cavities with their prolongations ; it differs, however, frooi dense 
bone in the absence of true Haversian canals. 

Histolo|;ists have not hitherto succeeded in throwing vtj great 
amount of light on the chemical composition of these tissues com- 
posing the teeth, although Ber^elius** and Lassaigne have certainly 
drawn attention to the essential differences existing in the compo- 
sition of the dentine and the enamel, and von Bibraf has devoted 
much atteTLtion to the same subject. All that b known regarding 
the chemical constitution of the teeth and their individual histo- 
Ic^ical parts, we owe almost entirely to these observers. 

The chemical composition of dentine is very similar to that of 
bone i the organic matter consists of gelatigenoua cartilage, whilst 
the mineral parts are precisely the same as those occurring in the 
bones. The quantitative ratio between the oi^nic and inorganic 
matters in dentine is somewhat varying, approximating very 
closely in some cases to that occurring in the dense bones ; but in 
the majority of the small Tiumber of cases recorded, the organic sub- 
stance arnomits to about S8J. A little fat is always found to be 
present with ttie cartilage. The mineral constituents of dentine 
are identical with those of the dense bones, and occur in nearly the 
same relative quantities. The quantity of carbonate of lime 
appears, however, to ho more variable here than in the bones ^ 
from 3 to BJ[ of carbonate of lime have been found with from 65 to 
CTi of phosphate of lime, Beraelius demonstrated that fluoride 
of calcium and jjhosphate of magnesia are also present in the 
dentine. 

The enamel differs in a chemical point of view from den^ 
tine, for no cartilage can be obtained from it, whilst the amount of 
the whole organic matter, which, after being treated with acids, 
appears like a membranous tissue, does not exceed 2'0 or at moat 
6-(i^ of the dried mass* From 81 to SSS of phosphate of lime, 
with about 7 or Sj of carbonate, are found in the enamel. We 

■ Lt^irb. ^cr Clicin, Bd. 0, 9. 0^3. (4 Aufl.) 
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have already spoken of the abundance of fluoride of calcium pre- 
srut in the enameL (See vol. ij p, 42'L) The chefiiicol inresuga- 
tioTis of this substant^ hare left it iirdefided whether llie pJios" 
phnric acid and lime enter into a different combination in the 
enamel and dentine from iliat occurring in the bones. 

Although the cement of the teeth baa been most imperfectly 
examined^ yet von Bibra, Lassaigne, and Mareband concur in 
regarding this substance a;* more analogous In its rompositioa to 
hone than dentine was found to be; it differs from the latter in 
containing a little more organic matter* 

Lassaigne and von Bibra foiled on a average a rather larger 
quanlity of nrmeral aubstjmcea hi the molars than In the incisors. 

It would appear from obficrrationa made by Lassaigne, that the 
organic matter diminisbes vnth. age in the teeth as well as in tbs 
lionea. 

Tlie comparative e^ipenments of Lassaigne and von Bibra on 
■ tlie teeth of different animals have yielded very few results which 
ivy>ald jusliff the estabhshmcnC of general propaaitiona; tbc last 
named of these observers could not even discover any ddSiuto 
diiference in the composition of the Ceclh of carnivorous and her- 
bivoroias animab. Bibra's observations show that there is a strike 
ingrelatiYc escesaof organic matter in the grinders of the elephant 
and the wild boar, and that tbe teeth of tbeae p ac by dermata contain 
a very considerable quantity of phosphate of magnesia (as machj 
according to himj as from 6 to 12^). 

Cariiius teeth do not very readily admit of chemical investiga-* 
tion; but it may be obacr^'cd that, according to Marcband, the 
tendency of the teeth to this mode of destruction may be referred 
to their containing an excess of carhonate of lime. 

The remarks already made conrerningthe ttnalysis of the bones 
refer et]ually to that of the teeth ; excepting only that it la more 
difficult to prepare the materials for examination in the latter case> 
more especially in eihibiting pure enamel or cement; the best 
method of obtiiining tlie former of these suli^itanoe is by heating 
the tooth to a few degrees above 100°, when one portion of the 
enamel becomes spontaneouiiy detached, and tbc removal of adja- 
cent pieces by mechanical means can be then readily effected. 
These detached portions require, however, still furtlier cleaning to 
remove the tissue of the dentine which may be attached to them. 
In consequence of the difficulty of drj-in^ the enamel tborougbly 
when in maaaes, von Hibru's method should he adopted, which 
conaists in pulverising tlxe purified onaraelj and then drying it 
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Cabtilaga. 

Cartilage belongs to that class of tissues vblcb, although thej 
appear to act for tbe inost part mechanically, and to possess s 
small amount of vital activity, neveithelcss exhibit a tolerably 
composite and very varied structure. 

Histological investigations show that cartilage most be classed 
under at least two beads, depending upon structural differences: 
namely, true cartilage and fibro-cartilage. 

Amongst the true cartilages of the human body we must include 
those of the ribs, the ensiform cartilage, the cartilages of the nose, 
of the larynx and trachea, and the cartilaginous masses investing 
the articular heads of bone. This true cartilage is so far identical 
in character in these parts of the oi^nism, that it exhibits in all 
cases more or leas numerous cavities occurring in a tolerably homo- 
getiGOUS mass, and containing one or more cells with a simple 
nucleus. This matris is by no means perfectly amorphous ; in 
most cases it is finely granulated, but frequently it is fibrous. 

The fihro-cartilage composing the intervertebral ligaments, the 
wymphyais pubis, the claviculo-acapular ligaments, the Eustachian 
tube. Sic, contains, in addition to cells, a thoroughly fibrous 
matrix ; tliese fibres are either parallel to, or intersect one another 
in various directions, present sharp dark outlines, and exhibit no 
trace of nuclei. 

These differences, which the microscope reveals in cartilage, 
admit equally of recognition by means of chemical investigation. 
Mi'iller^s* observations, which were the earliest prosecuted in rela- 
tion to this subject, have been followed in more recent times by 
those of Donders and Mulder.f 

When we examine this tolerably homogeneous matrix of true 
cartilage \\\ a chemical point of view, we find, on carefully treating 
the tnturated cartilage with boiling water, that it is this sabstance, 
and not the cartilage-cells, which yields the chondrin described in 
vol. i, p, 398, Thus, for instance, if we boil the cartilage of the 
ribs from 12 to 48 hours in the open air (Mulder), or fix>ni three 
quarters of an hour to an hour in a Papin's digester (HoppeJ), the 
matrix will be dissolved, leaving only the other morphological 

• Pogg. Ann, nd. 38. 8, B9fi. 

t Versiich eioer plijs. Chem, S. G58 [or Eu^lbh Trpiislation, pp, 64a-U9.] 
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dements of the carfilf^nous tissue, namelvj the partilnge- cells unc! 
their nuclei, which remiUTi undissolved, together with vessels and 
the coaa^ulaled protein-bodies cf the hlooti-plnsma. Before the 
solution of choiidrin ia perfectly gelatiniBedj a small dyj>osit is 
generally formed, and in this these mofphological eli'ments may be 
readily and distinctly rer*jgni^ed by the microscope. But there is 
a slight opalescence ohservable even in the clearest solution of 
^ondrin, which ia owin^ to the suspension of these cells ond their 
frngmenta. The chondrin which has been examined by chemists, 
tnust iherefore always eontnin a larger nr snudler quantJly of 
morphological cleinents, wliieli cannut be perfectly removed, even 
by lloppe's veryadrairablc mode of procedure. We cannot, therc- 
fore» regard the elementary analyses of chondrin as more trust- 
worihy than those of cartilage itself, since we have to deal in both 
coses with a niliture of obviously Jitferent bodies, and not with a 
nmplc chemical combination. It is aliLe remarkable and worthy 
of regret that the elementarv analyses of these subUances should 
have yielded such identical results; several of our most distin- 
guished and hkrifiit analysts having found that thti composiUon 
of cartilage, which abounds incells^andof chondrin, which contains 
only few eclh, although not entirely devoid of iJiefn, is almost 
entirely identical. Setting aside the cells altogether, there would 
appear grounds for concluding that the conversion of the cartilage 
into cliondrin depends only u|>on a deposition of atom^, and not 
Upon chemical dccompobition due to the osi^imilation or chmination 
of certain elements. 

According to the micro- chemical investigations of Dondera and 
Mulder, the matrix of cartilage has far less power of resisting the 
stronger chemical reagents, such as concentrated sulphuric acid or 
a stron;; solution of potosb^ than the cells contained within it- Its 
behaviour towards concentrated sulphuric acid shows, however, 
that even this niatrix is not a perfectly pure chemical body. Thus, 
for instance, on the application of conceiitruted, and afterwards uf 
diluted sulphuric acid, the granules of the granulated cartilage are 
less rapidly dissolved than the matrix itself, whilst the fibres of the 
fibrous mass yield still later to this action. It appears, therefore, 
pmbable that the matrix may contain three different, altliough vtry 
nearly alliedj substances, The question wheihcr the difference 
exiatinfi; in these three substances clept^ndsi upon a different aggre- 
gation of the very minute mechanical particJes, or whether it is of 
a chemical nature, is one which even the latest olj^erv ill ions, made 
on the chondrin obtained from the decoction of the matrixi have 
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Testigation to swell on the addition of dilute acetic acid^and to1>ecome 
transparent, till they finally altogether disappear ; but they are not 
actually dissolved even after many hours' exposure to this action, 
for on washing with pure water, or on neutralising the acid with 
ammonia, they may be rendered perfectly visible in their original 
form. As most of the other textural elements which are intermixed 
with the connective tissue are not similarly affected and rendered 
invisible by acetic acid, they are brought more distinctly in view 
by its application ; and hence this agent becomes a valuable aid to 
the histologist in his study of the tissues. 

The fibres of connective tissue also swell and assume a g^B- 
tinous form in alkalies, but after the prolonged action of the alkali 
they cannot be again brought to view by the addition of water, 
being completely dissolved. 

We thus close our remarks on these three groupa of tissuea, which 
were all indicated as gelatigenous, even by the older hiatologists, 
and in which the most recent investigations have recognieed a 
very surprising analogy. The laboursof Virchow,*Donders,t and 
Kolliker,! have thrown much light upon this subject. Donden 
and Virchow especially coincide in this point, that the gelatigenous 
intercellular substance of these tissues does not originate from 
cells, but is directly separated from a plastic fluid, while the 
other elements in these cases (as for instance, in hones, the bone- 
corpuscles with their prolongations; in cartilage, the cartilage- 
cells ; and in connective tissue the nuclear or elastic fibres wiUi 
their nuclei) are primarily formed from cells. KoUiker is also 
convinced that the nuclear 6bres are undoubtedly not formed from 
the nuclei of the cells of embryonic connective tissue, but from the 
cell-walls, but he denies that the fibrillffi of connective tissue are 
a direct deposition from the cytoblastema. 

We must not here overlook the fact, which is remarkable in a 
chemical point of view, that the embryonic connective tissue, accord- 
ing to Scherer, contains no gelatin, but consists^ in addition to 
fusiform cells, of a peculiar intercellular substance, which on diges- 
tion with water yields not only albumen, but a gelatinous or mucous 
flubstance. Virchow has proposed the term " mucous tissue" for this 
class of structures, of which the gelatinous substance of Wharton 
(in the umbilical cord) affords the best example. 

• Vorhflndl. d. phyo.-m^d Gm.eh Wilralrtirg. Bd, 2, R iSOu. 3U, 

* ZeiUch, f. HiBB- Zool. Bd. 3, S. 348. 

t VcriiaudE. d. phyg.-med. Ges. za WQnborg, Bd. 3, 8. i. 
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Elastic Tissi/fi, 

Thc elementary dbres of thia tissue are somewhat extensively 
diitrifiulfd in tlie animal organism, although they sehlnm (jccur m 
Bufficirntlj lai^e quantities to form apecial organa ; they occur^ for 
in»tftnce,iD the yellow clastic li^iLoiienU (the ligamenta Have of the 
v«ftebrttl column, the inferior vocal cords, the Ugnmentum nuchra 
of munmals, the elastic ligaments of the claws af animals of tho 
PcUdftj find the hmgc-ligement of bivalvcaj, Wc meet trith larger 
groups of elastic dbrcs connected Into membrane-like sheathainthe 
hxctA lata, and in the middle coat of the arteries and veins. Smaller 
iccurnuUtiijtis of elastic fihrea also ctcur in many other parts, as 
for inataiice, in the coriura, and under the mucous merabrfttic, moro 
specially in the pharynsr, the pylorus, the eaeum, &c. Wc need 
only olwerve here that the elementary fibres of this kind are met 
irith under diSerent forras of grouping, eitlier in wida-meshed or 
rery intricately formed neto having hook-like indentationa; aa 
fenestrated mctabranca exhibiting tolerably large intervals, and 
resembhng an anastoniising vascular network ; or lastly, only as 
bundles or Rbres twining around other tissues in a spiral manner- 
It is at the present diiy aisumcd by most hiatologista, tliat tliese 
tree elastic Bbres, which occur In the form of flat, rather hroad^ 
tomewbat brittle, and ranch mmif^iTig hands, are perfectly ideuti- 
cad with those far narrower, spirally coiled nuclear fibres, which 
are often studded with nuclei, and are invariably present in con- 
nectJvctisaue; and they hnvearrivcdatthiscoticluaion, parlly from 
watching the development of these tissues, and partly because the 
sliglitest transition from one form to the other admits of recogni- 
tion; miurccTcr, tlie chemical reactioiia of tiie two forms do not 
indicate any difTcrcnce betwceii them. 

The clastic fibres never occur indcpendenlly of ether histological 
elements, however much they may predominate; most commonly 
they aE^ found intermixed with the fibres of CJinnective Hssue, very 
frequently also with smooth muscular fihrcs (Kdlliker's fibre-cells),* 
as in the middle coat of the crteriea. Close to the fenestrated coat, 
the elaitic fibres, intermingling in part with nuclear filires, merge 
into the so-called contractile tissue, which is principally f<Trmed of 
thcK smooth iihres, to which Ihey undoubtedly owe the property 
of contracting under the actioii of cold (Schwannt] or magnetic 

+ Miiller'»nftBdb, dtr Ph/noJogie, Dd, 1, S, 110, u. Dd, 3, 8. W [or 
EOglifllk TruulaiioD, VoU L, 2iid ediliun, p. 210, aail VoLS^p. B7e.] 
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electricity (E. H. and B. Weber*], The claatic fibres themse? 
arc wholly deficient in animal contrnctility, &nd are only di^ 
tinguished for tbeir extraordinary elasticity, h property ^hich is n 
destroyed by ftpirit, or by boiling (J. Mtiller). 

The chemical iJiveatigations of claatic tusue wbich hare 
bitherto made, have unfortunately not ledustoany dear kno^Iedg* 
of its constitution and general dienilcal relations. J. MiUIerf 
and Eulcnbei^l obtained by the prolonged boiling of elaatjc 
tissues, a n on -gelatin! sing fluid, which yielded aonic reactions 
similar to those afforded by long-boiled chondrin* Mulder and 
DondersJ failed, on the other hand, in obtaining any gelatinou* sul>- 
fitanee, after forty hours' Ijoiling, from well-pnTified elastic tissue, 
wliioh had been freed from all admixture of connective tiflsue and 
Gbre-cdls, by means of acetic acid and a solution of potash ; and 
they also found on making a rnicro- chemical examination, that tt 
fibres were entirely unchanged. 

M. S> Schult^ejl has arrived at tbe conclusion, that the pari 
elastic fibre of the arterial coats is but slightly, ornotatall ehanged> 
orenafterithas been boiled for sixty hours with water; whilst on tbe 
other hand, it becomes converted into a brownish non-gelatiniaing 
fluid, which has an odour of gelatin, after 3Q hours' boiling at llie 
temperature of 160° in a Papin's digester. This fluid was precipi- 
tated by tannic, picric^ and kinic acids, tmctore of iodine, a 
corrosive sublimate, but not by other reagents whidi comxno 
precipitate chondrin. We cannot conclude with Schultze^ from 
these reactiona, that the elastic tissue yields gelatin ; for it wo 
in our opinion, be attaching too wide a significance to the idea 
gelatin, were we to ap[jly this name l.o subslances wliicb do not 
gelatiitiscj and merely yield precipitates with tannic acid 
similar substances, which precipitate a great number of orga 
mutters, and in other respectj exhibit only negative properties. 
that case, we should be compelled to include Mulder^s tritoside 
protein under the head of gelatin, and to denominate as gelatige- 
noua numerous other matters, such even as albumen, since when 
boiled in water under high prefisure and at a high temperature, 
they yield substances which ore soluble in water, although they 
not gelatioise- 
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* Bprichtodork, (uiobfi. Geac^lkck d. Win. 1049,6.01' 
i Fogg, Arm. Dl 20^ a »]1>3J3. 

I De tela elnsiicJt : dis8> innug. Berol. iHSfl. 

^ Muldei-'ft \'c!re, elcor phj's. CJn>in,, 9. 504 lor English Translation, p. M9] 

B Ami, dor Cb. u. PhanxL Bd. 7li B. fiTT-ltflC. 
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According to the investi^tions at Dontlen ziiiil Multlcr, elaiitic 
fibre is fntirelp insoluble in cold conoeiitraieil a^elir at-id. It ia 
ovAy &fter continuous boilujg for eome day ft m this acid LhdC it gra* 
dually dissolvt^ai 

When heated with moderately dilui^d hifdi't>cfiiorHe acid, it dut- 
miWev with a Ijrown colour ; the dissolved substance is soluble in 
Wtiter and in alcohul. 

Xanthoproteic acid is formed hf the Miction of ntlric acid- 

AocoTdiijjT to Zollikofer,* when pure elaF^tic fibre is digestM ii 
tu/pJiurir a/yitfj <liluted with IJ times iu weight of water^ it yieldn 
kucine only, and no glycine. 

[We rnny here rciriaric, that Ziillikofcr recommends the Follow- 
ing a« the best method of prepariii<; leucine. Take clastic tiwue, 
(fhr instance, the ligameotum nuchoe of the ok,) purify it by extrac- 
tion with builtJig acetic acitl unci with wuter, find afterwards \^o^\ it 
for forty-eight hours with sulphuric acid of the alKive-mehlioucd 
ctren^h, then neutralize with milk of lime, bod the pulpy itiasn 
chat is now formed, and filter. During the evaporation of the 
Filtered ftuidou the sand-batb, the lirne^aalLsthat heeonte depo^iited 
must be as far as possible rcmOFCth On further evaporation in the 
nrater-hath, the fluid readily yields crystjilft of leucine. No glycine 
(as is remarked above) is formed, and the leucine may be purified 
witliuut antmal charcoal by mere recrystalhzation in spirit and 
alcohol. — G, E, i>,] 

Elastic liasue remains unchanged for a long time, at an ordinary 
temperature, in a moderately concentrated solution of yofash^ and 
it u only after it Las been heated for some days that it becomes 
converted into a gelotinoua mass. 

Pure elastic £bre cannot be obtained by mechanical meana^but 
must be procuredj as we liave already ohserverf, by removing the 
RbnUfB of cellular tisflue and the fibre-cells by boiling with acetic 
add, and then adding & dilute solution of potash. 

Tilanos found in the elastic substance of the ligamentum 
nuchfe, after it had been purified in the ahove-descrihed mBnner, 
55'75il of carbon, 7''*lff of hydrogen, and T7'7-lc tif nitrogen, 
Wc do not think that any reliable formula can be obtained from 
this analysis, even by the help of the analysts of the chlorine- 
compound. 

Donderst has recently come to tl>c view, that all ceil-mem- 
i^tws consist of a substance identical witb^ or at all events, r&rf 

* Aac. d«i Oi, u, Pbarni. D<i. H2, 5. 1(16-100. 

t Zrauck t vln. ZooL Bd. J, B. Ma^as, uid EkL 4, B. «4*-£'il. . 
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ftimil&r to elastic tissue. This opinion is apecially baaed on ItistO" 
logical grounds, and rcatflf on the one hand, on the development of 
eljtstie tissue and especially of niiclear fibres from the waits of cells, 
and on the other hand, on the circumstanee that certain membranes 
and textural elemeiita, wttch in tbeir pliysical and chemicai pro* 
pertiea closely approsimntc to clastia tissue [aa for instuncc, the 
Bheatha of the nen'es), may be found to be formed from ceH-itiero- 
branea. According to Doiidcrs, the walla of all true cells, whether 
occurring in the ncuroiemme, tl)c capsule of the lens, &c.j have the 
fuUuwing physical and chemical properties in common with one 
another and with the elastic tissue obtained from them. The physi- 
cal properties are their structurelessj glossy eliaraeter, their trans- 
parcnny, elasticity, strojig refrut:tiTe power, and a specific gravity 
higher tlian that of water- The chemical properties we their insolu- 
bility in water, aleoho], and ether (all the physical properties remain* 
jng unaffected by the application of these reagents) — their iasola- 
bihty in acetic and other vegetable acids— their ditficLdl solubility 
in dilate aulphuric, hydrochloric, and nitric acids^their insolu- 
bility in ammonia, and their Uigbt solubility even in concentrated 
solutions of soda and j>otnsh — their swelling 'm acids and alkalies. 
And tbeir alkaline solutions gelatinising — their difficult Aolubiltt) in 
boiling water, and the absence of gcletinisation in the solatioii^| 
The animal cellulose is rendered yellow by nitric acid, then after^* 
the addition of ammonia^ orange; the colour is scarcely affected by 
hydrochloric acid, or by a mixture of sugar and sulphuric acid ; it^| 
is turned red on the application of MiUon'a test. Acclac acid^^ 
throws down from the alkaline solution a substance which is insolu- 
ble in an excess of the reagent, <tnd possesses the main characters of 
animal cellulose ; it does not readily become decomposed, even in^_ 
morbid processes, if we escept fatty degeneration. ^M 

However important such generalizations of tlie facts in our pos- 
session maybe for histology — however such general views may throw 
light on the iurther progress of this science, and may open ou 
future paths of i:tquiry, it would be by no means expedient, in th 
present state of our knowledge^ to regard all cell- membranes as 
perfectly identical with the substance of elastic tissue; for indepen- 
dently of the circumstance that the aboTc-mcntioned properties are 
not found in every cell -membrane and in every clastic membrane, 
we know how differently reagents often act on celb and tissues, 
according to their age or the state of their deTelcpment. Further, 
it can ?^c&rccly be {questioned that the walls of very young cells, ba 
for instance, blood- corpuscles, pus-corpuscles, the deepcat epi- 
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dermic and epithelial cells, and tKc cella uf tlie glandular follicles 
tKolliker), are composed of a protein- l>ody, that is to say, a sub* 
stance &r more nearly allied to albumen and fibrin tiian to the 
matrix of elastic tissue, seeing that they are readily soluble in acetic 
tadt and in very dilute alkalies. 



Horny Tinnum. 

In formertimes the tissues belon^rg to tliiB class n'ere regarded 
as amongst the simplest in tJie animal organism, and considered 
merciy as different forms of one and the ?(ame matrix, which cer- 
tain chemists were ready enough to di^over, and to designate by 
the term Keratin, The aealous labours of recent hlatolo^isls bave, 
however, ahown uathat even these apparently homoifeneouH tiasucH 
h&TC acomplicatedj and in many res pee ta, a variable structure- 
TTiere exists the sflmc correspondence betftcen the structure uf 
the epidermis, the nails (clows and hoofs), the horns, and whale- 
bone^ as that which we observe in the chemical constitution of 
these tiasuesj all cf which are so far analogous to one another that 
they proceed from cells or nucleated vesicles, which arc not morpho- 
logically developed like the cells of other organs, but to a certain 
extent diy up, and are only agglutinated together by an inter- 
cellular suljstance, which often does not very readily admit of 
detection- They also eshibil great reaemblaEicc in a chemical 
point of view, for when compared with other tissues they all 
contain a large quantity of sulphur in combination with a Bub- 
ftlance, or with atomic groups^ whose origin from, or affinity with 
the so-called protein -bodies cannot t>e denied when we consider 
tbeir behaviour towards certain reagents, and their pcr-centage com- 
position. Although we are still far removed from a correct know- 
ledge of the chemical constitution of these tissues, or rather of 
tlifir element*, chemistry has, neverthelpssj very largely contributed 
to place the question of ttic histological conformation of these 
tiumes on a level with the present state of science; in confirmation 
of uMch we need only indicate the ndmirahle labours of Bonders* 
and Mulder, of Paiilsent, Kolhker,^ and several other observers. 

• QciJAiidischQ Balnge. Dd> I, 8, 30 u- 120, and Muldflr's Vers. do. 
Ith^do). C9IHZ1. S.M2'/>7^ for l-iliiglLiih Tmn^lnticii, |i|), in:t-A3n], 

^ ObVDrviLliuiiei mikrochviniiiio ; diM^ loaug. Lm^U Liv. I84fl- 
£ Hiknnk. Aaat Dd, 3, B, AR-lf^, u. SS RG. 
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Tlie quentioriH to which the prenent Gondition uf TiistologiralH 
iiiqairf leada tiie cliemist in his eKamLiution uf tlie horny U^uesy^ 
are briefly these: — Is there & ail batance which holds together the 
c^Usof theae tissues, agglatinating them to a certain extent, and^i^^ 
so, whnt nre the chemlrjU properties and the compoaitisii of thi^H 
siihstance ? WhaT, is the rhemiual clmractcr of the moqiliological^^ 
cuii^titucnts of thcac dried cells or vcaiclca of the; horny tissae }^^ 
What is the nature of the cell-meinbranef and of the nucIi^H 
which exist in almost all of the cells, and finally, of what do the 
generally dried contents of these cells consist ; Are the mofphf>- 
logical elements identical in diHerent kinds of hcrny tiasae, or do 
they often difler essentially from one another, as various reactiona 
would seem to indicate^ What is the constitution of these 
morphologicixl elemctLLs in the newly forming or juat formed cells 
in the vicinity of the rcle mticoeum of the akin or the mucous 
layer of the nails ? What metamorphoses do anaiogoua elements 
andergo during the gradual dryifig and the alterations in form 
the originally filled spherical or oval cells } 

It unfortunately happens that the chemical investigatioi 
hitherto instituted on this subject have contributed rather to cbo' 
suggesting than to the answering of these questions; for aJthough 
chemical reagents have enabled us duly to examine the morpho* 
logical elements of the horny tissue, chemistry la still wholly 
incompetent to hidicate the position which, from its form, each 
structure ought to occupy in the series of organic atomic i^oups. 
We should consider it a great step in advance, if we knew Low to 
isolate any one of the moq^hological constituents of the horny 
tissue^ in the same manner as we can isolate elastic fibre by 
chemical means from the yellow ligaments or the middle coal of 
tlie arteries. Tlie different horny tissues have hitheno been 
regarded by chcraisla simply as homogeneous bodies, and analysed 
aa siidij after they had been freed by indifferent aolTents from fat, 
saltBj and the so-called extractive matters. Although these kinds 
of analysis have must frequently been conducted uutier Mulder's 
auijerintcndencc, noone is more thoroughly convinced than Mulder 
hjmaelf of their insuRicicncy in respect both to the histological and 
chemical knowledge of these tissues. 

We abstain frcm entering more minutely into the consideratic 
of the internal structure of the different horny tissues, as the ob; 
vations already made on tliis subjeot will flufticiently explain 
state of our chemical knowledge of these structures. The inicro^ 
chemical reagents to which we are now about to refer- afford, an wi 
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bvre fttrcftdy obaeired, a closer insight into the hiatologicftl than 
th« chemical constituents of the lujmy ti^aue^. 

The horn J- tisauea become gradujilly loosened when treated with 
a>lil OT w&nn voter, TLe epidermic is rendered so suft after pro- 
longed soakiog) ae to admit of being canly broken down, and 
Mparated into individual cells, or smaller accumulations of th«ni- 
Tlic cells Ihemsdves are rendered irnjre distitict; the eitremely 
ihm, irregularly funned epidermic phites ap[)ear somewhat bwulleu 
and tkintty granulated. The nucleus, if one be present, becomes 
more distinct, Tl)c e)-lindrical or round ceUs of tlie rete muco- 
rtim, nhich contain a nucleus, and resemble vesicles expanded 
wiLh fluid contents, are but slightly altered by the action of water- 

The nails are on the whole very similar to the epidermis; how- 
ever they only swell ia water and become softer, without admitting 
qf being triturated. 

Horns and hoof* loftcn in water, especiElly on the ap plicatLOii 
of hca!, end then commonly develope a little sulphuretted hydro- 
gen. The celldar structure cannot easily be recognised under the 
microscope, even after ttieti&suc has loin for a long period in water; 
icarcely anytliing beyond fibres, which often npj>ear to be torn, can 
be detected. 

Water produces no visible alteration on whalebone or tortoise* 
ihell, whether it be applied hot or cold^ and however long it may 
be angered to act upon either. 

The best reagents for exhibiting the cellular slnjcture of all 
these tissues are highly concentrated solutions of the caustic 
Maiie* . in many cases taustic »oda^ as recommended by Kotlilcer, 
is preferable to cni/»rir potash. A dilute solution of potash or soda, 
opecially on the application of heatj acts^ however, more rapitlly 
qpon the epidermis, and cihibita its cellular structure &r better 
than the concentmted solutions. l^c concentrated soljtions 
render the epidermic plates roundish^ pale, and smaller ; and it ia 
only after a prolonged action that they swell, and dii^ttnctly exhibit 
tlieir cellular form. Dilute alkalies convert the epidemic plates, 
IB a short time, into oval or spherical clear vesicles, without a 
imclena or granular contents. The eella of the rete mucoauin 
ahow atUl more dlslinetly that the nuclei of the epidermic ceils are 
•ooner and more rapidly dissolved than their cell -membranes ; for 
tf tlie epidermic rells are exposed to the prolonged action of hot 
aolutiona of caustic alkalies, the cell-walls become dissolved, so 
that there onlyremaina a small gritty and partially granular mass. 

A Bolutioji of potash acts upon the substance of tlie nails in 
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the ^me manner as upon the epidermis, (converting it into a mui 
of colourless non -nucleated vesicles ; bat, according to KdlliLert m 
dilute solutioTi of caustic soda brings into view the most beftadiul 

polygonal or oval celUj with distinct nuclci- 

Thc fibrous structure of covs' hom disappears under the pro- 
longed action uf a concentrated solution of putosh, but no cells 
[especially nucleated onea) bocorac distinctly visible until water 
has been poured over the object After repeated neutralisa- 
tion with sulphuricj or ever acetic acid, the cells generaJly appear 
in the form of oval or spherical vesicle!* vrithout contents; the 
nuclei have consequently disflppearcd. 

Whalebone consists, according to Mulder and DouderSj who 
hare subjected it to a very exact hi'ito-ehemtcBl examination, of 
thin tamellfBj which He parallel to the outer surface, and to tJie 
tubular system which resembles the medullary canals. Each of 
the lameUfe consists of a number of compressed cells, which aro 
brought into view by the action of water after they have been treated 
with concentrated cau^tiu potash. 1u this case, atso^ the cell-wall 
rcsbts the action of the rea^^enta for a much longer period thaq^f 
tbe nucleus and the otlier contents. ^^ 

The same observers were also tlie first who accurately examined 
torloise-fihi^ll ; they found that thi^ tissue also brenks up into 
polygonal and oval cells on the application of caustic alkalie! 
although a much more prolonged action of the potash ie m 
sary here than in the case of the above-described horny tissoeaJI 
The ct^lls are not very refidily LKolatei], and it is only on tbe at 
tion of water that they appear individually; they are witli 
nuclei, but always contain a slight amount of granular substance.^ 
Moreover, independently of tbe cells, granular matter is always 
perceptible on the addition of water. 

Aveiic acult even when concentrated, scarcely produces an^ 
action on epidermis, even aflcr it has been softened by water; bul 
by prolonged boiling with concentrated acetic acid, the scale* 
become isolated, and swell into extremely pale, di>tended, but still 
somewhat flattened vesicles, entirely devoid of granules or nucl 
According to Kolhlicr, the wails of the epidermic eella do not di 
Bol-^'e, but only those of the cells of the r^ete nmeostifn. 

Acetic acid acts upon the substance of tbe nails in the^^ame mann< 
as upon the epi derm isj only with less rapidity j it generally causes tbi 
nuclei of the cells to come beautifully and prominently into view. 

Cowa' horn is very little affected by the action of concentrated 
acetic acid, even af^er prolonged boiling j and the microscope 
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deteotft even stiU kaa nlterntior in ^Iialcbone or toTtnisc-BbelT Umt 
hM bttn acted upon by this acid, alihougli the fomier is ocnivert<*d 
ifito A gelatiTiinis suhatAnce when boiled with the concentrated and. 

Tlic enidermU very rapidly swells in concentrated tvij/httrtc 
acid, exhibtting vesicular ccJla which become even more distended 
on the addition r>f water. The ccIIb of the r€te niuco9um remain 
unchanged in cold sutpburic add, but when boiled they are cuui- 
ptetcly dissolved . 

Concentrated sulphuric acid acts very slowly on the suhatonce 
of the nails, but*on the application of heal it hringa into view, in 
tlie ccnuse of a few iniiiuteSi Sat, polygonal ceWa, lAomc oF which 
«jc pronded with nuclei* 

It is only after the prolonged action of conccntroled sulphuric 
acid fur many hours that cows' honi gradually resolves itself into 
ceLl«. 

Wbalebore a gradually convertedf by tbia acid, into a mucous 
tnasa, in which the cclUmcmbrancs may be distinctly reco^iacdi 

Sulphuric acid exerts an equally inefficient action on tortoise- 
flbell, nnd it is only after prolonged sonking or bnilin^ with cr>nccn- 
tnted acid that cells can be detected in the gclalincusly swollen 
mAsa; but even these arc not is^ktcd. 

Concentrated niirie acid imparts a yellow colour to most homy 
tiBaue^T and isolates the cells of some, without, however, bringing 
them distinctly into ticw. 

These haauca have, aa we already observed, been subjected to 
elementary analyses, after having been previously trealud with 
alcohol and ether. In order to exhibit the analogy of their com- 
pii-tjtion, we subjoin the empirical reaulLs obtained from the ana- 
lyses of Scberer,* Mulder, Tilanu3,t an<I van Kerckhoff-t 
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These tumes differ also in the quantity of morgviic mi 
whtdi they contahi^ but this differettce docs rot vjiry mui 
beyond 1^ 

On boilingtheae tissues with a Aolatiori of potAfth, IheyKenemll] 
&& we have already seerij become dissolved, with the eiception of a 
comparatively very small reaidue : a large quantity of amruonia b 
developed^ and the fluid cout^us much sulphide of potassiutn, the 
presence of which may be detected immediately after the first 
application of the alkaline fluid. When the alkaline soludotu are 
untuntted with acetic, hydrochloric^ or other acids, precipitates are 
formed wtiich^ according tu Mulder> differ in the diameter of ibeir 
composition. These deposits exhibit the property of adhering 
togetlier. and formi:>g almost resin-like ronesen on being he-ated in 
water. Mulder includes them amongst his protein-oiidea- ^U 

It will scarcely be neraasary, after tbia notice of the rcaction^^ 
exhibited by these tissues, to remark that our knowledge of their 
chemical history is stUl too deficient, in a histological point of 
view, to afford any satisfactory reply to the questions already pro^_ 
pounded. For although Mulder,* in his most ra^nt communid^H 
tions, has calculated formulae from his eiiperimcnts, and has been 
consequently led to regard all these tissues as combinationt of 
protein or protein'Ojides with sn/phatmde, this hypothesis must 
certaiidy be limited to one of the main constituents of the horny 
tissue only, and cannot refer to the whole moas. Every horny 
tissue contains at least three di£ferent kinds of substances; namely, 
the substance of the cell -membranes, which is so diSicult of solu- 
tion in alkalies; the cell-contents^ including the nucleus, which 
dissolve more readily in alkalies; and the granular matters, co 
sisting by no means of fat solely, which remain after the eompi 
solution of some of these tissues, and are wholly insolttble 
alkalies, Tliese three chemical I y-d em onatmble matters can hardly 
be regarded as isomeric or polymeric, and cculd nolj even in 
that case, be brought forward in support of the sulphamide hypo- 
thesis. 

The principal portion of every homy tissue is formed, as 
have already obscrred, by the celt-membranes; their contcnta 
the nucleus being so subordinate to these that the elements 
annlyds of such a tissue must be regarded as giving an average 
c:cpression for the composition of these celKmembranes. Tli^^J 
do not behave, however, as if they consisted of a sulphamid^^ 
eompoundjfor micro-chemical examination shows that thenmmonm 

• UntcrBnoli. iibeni. v- Vi>lckiir. H, fl, 8. 27a, 
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Ktilpliarctteid hydrogen whicli wc &c€ developed on the tnarro- 
lical treatment of these tissues witli even very dilute alkfl- 
tiCB, are not deiived from the main sulmtance— t1mL is to Kay, the 
cell-irtGinbrftiiea — but must onginfLte in the cell-contenta, or what 
is still more probftble, in tl^jc coTinccting median). If therefore a 
sulpbamid« of protein actually exiats, it must be sought for In the 
tissue connecting die cells of the liumy tissue, or^ at all everits, in 
Uieir L<ontenta. 

Although this connecting mediuio or true intercellular sub- 
stance of the homy tissue can certainly not he detected hy the 
imcT'Liscopc, it cannot possibly be wholly wuTLting ; for inde- 
|>endently of tlie fact that aome of the ahoTC-described micro- 
cbenoicad reactions testify to its esiatence, it would not he easy to 
understaiid how the celU formed in the meeous layer — the true 
matriiK of this homy tiKSue — and driven forward, and gradually 
drying during the growth of the tisaue, could entirely divest them- 
»elvG6 of tlie adhering plaf^ma. The cell- contents and tlie intcr- 
ceJIulaj- Hiibstance, the cell-wall and the nucleusj must stand in 
the Bclive living cell* not only in a physieal, but also in a chemical 
anUgonbm; and cannot possibly so far lo6e tl»is diversity of cha- 
racter in the dried, atrophied, or disintegrated cell, as to form a 
dieaiically homogeneous substance^ a simple eulphamide eom- 
poand. 

These remarks are by no means intended a» an attack upon 
MuUlcTf who:M labours, even on this sabjcv^t, are very valu- 
able. 



The Haih. 



f If we are scarcely able to arrive at a clear or distinct view of 

Uic chemical relations of the morphological elements of the eom- 
paratively simple homy tissues, we are slill less able to do so in 
reference to the far more complicated tissue of the bfur. On 
examining a haiif wc find that there are at least three morpho- 
lo^cally different iubatances brought under our notice; namely, 
Ibe cuticle, the cortexj and the medullary substance. 

The cuticle of the hair coasista of jjbtes arranged in the 
manner of tilc», one abo^e the others these are rendered more 
visible, according to Uonderh and Kolliker, by the use of those 
reagents which cau^e the cortical substance of the hair to swelljHS, 
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f<tr instance, suljilmnc acid^ or caustic putnsli ur Koda. 
DCiJy corerirtg of the liair is rot itsdf &6ectctl by such re^^nUt 
but by friction indi^dual scflleft maybe isolnted, which then appear 
extremely transparent and qundraugular^ and are devoid of nuclt 
or other contentSj skliough they are genernled from perfectly ni 
mal ccUb, as is seen by examining the root of the hair. Kollikt 
drawa attention to the fact that theac epithctiaj scales on the hi 
differ froia the other elementE of the hair^ and from all the com 
tunUs of other hnrny tisHuesj by their perfeet iiiSDlubilily 
alkalies and concentrated sulphuric acid. Wc do not> howci 
agree with the supposition of Donders^t based on this mecltaniciil 
relation, that these scales consist of a protetTi -com pound. 

The cortical or fibrous substance, eonadtutes, as is well tnown, 
the principal part of the hair. Dy the use of the rea^enta uboi 
referred to, namely coiicentratcd and gently he&ted sulphuric Ui 
this substance separates into flat, long fibres, which again divi( 
into long, very narrow plates, having a dark, elongated nucleus. 
After prolonged digestion with a dilute solation of poioshf th^^ 
cortical substance diasoh'es, with the exception of these lon^H 
epiir die-shaped nuclei* E^er if these plates did not so plainly 
bear the stamp of ceU-formBtion, ihey ;vould readily he recognised 
as cclla by examining the corre^ ponding part of tlie root of tll^| 
hair. These plates gradually shorten^ and the elongated luicle^^ 
become thicker towards the root of the hair, and at length, in the 
lower part of the root, we Bud oral or roundish cells witb oval 
nuclei. ^^ 

Kollikcr's obsery&ttQns show that here also the chemical raeta^ 
morphosis corresponds with the change of form, and that the cells 
of the cortical substance in the lower part of the root of the In 
are not merely more easily aOected by alkalies and concentral 
sulphuric acid tlian the hbre-cells of the same substance^ but thaf 
they become sivollenj ard are in part dissolved even by aceti* 
iLCtd, which produces no effect on the other cells. According 
KoUiker, there are within the tibrouB substance certain csvith 
filled with air, and also accumulations of pigment- granules, the 
quantity of which varies with the colour of the hair. 

The inner |K>rtion of the hair is composed of the medollai 
substance, the nature of which cauEiot be recognised disttnci 
until the cortex hoE been rendered transparent by the action of 
alkalies. It consists of closely arranged rows of quadrangular, 

* MiktOBk, Aut, Bd. 9, S. 132. 

+ Vara HDw phyiiol. CIjciii. S, ^12 [or Eiifilisli Traiisl. p. fl33]. . 
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rooTP nuely, mund et^lls, whiclif after Iho abovo-menHoncH treat- 
merit with polagh, are seen to contain dark fat-like grarmle*, in 
ulilitioD to a cleAt roandish or oval speck (the rudiment of a 
nacl«tia). Many of these roundish grey pjanules are oliaerred 
betwt?en these cells in fre^h hair that haa not beer treated with 
potnsh- KoUiker* ha* shown by several admirahJe experiments, 
ttiot the clark granules which occur ia coloured its welt as in white 
hair, are for the most part mere c&Titiea filled with air occurring 
between and in the dried medulbry cells. 

Such Sire the mo^t im|K)rtant histological grounds on which 
a rahonnl chemical examiiiation of the tissue of tlie hair must be 
bibscd. Unfortunately, howeven chemists hare hitherto been 
unable t4> analyse the hair when considered from this point of 
new- We have some admirable ohserpations on this subject by 
Schererf and van Lai^r^ who, although they have not InveAligHted 
itic chemical constitution of these parts in accordance with lusto- 
lopcat requirements, have yet enhibitcd the ^ent analoj^y subsist- 
ing between the substance of the hair and other horny tiBsues, and 
Irave, moreover, successfully elucidated several important points 
ioTofved in the inquiry. 

Scberer's elementary analyses of the hair correspond with 
thou of Laer, excepting that there is a sliglit difference in the 
amount of hydro^n: — 
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Like most oilier horny tissues, the hair dissolves, with the 
tiception of a few fine molecules, on prolonged digestion in a 
solution of potaflh, there being at the same time a development of 
ammonia. The solution yields on the addition of acetie acid a 
tdight deposit, which is a leas oxidised protein-con^ pound than the 
&r xrore considerable precipitate produced by the addition of & 
larger quantity of scctic acid; the laltcr, which is Mulder's 
deutoxide of protein^ contains sulphur, and entirely agrees in its 
leactions with the subfitance which is obtained by the precipitation 
of the alkaline solution of other horny tisaues o[i the actioji of 

• Op. oil- p us, 

f Ann. il.CLi. ikFhBmi, Bd.iO.S. AO-US. 

* Ibid, Vol. 4&, pp. I47-IS3- 
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»cu]s. Mulder itlsu rpgnrtls Lhe sulistatice uf tlie liutr as ti sulplii 
midt compouud. No conclusions can be drawn from any analyses 
bitLcrto mode in rcffrcncc to Iht? nature of the individuel consti- 
tuenEa Df the hair, as, for in&Uncej its connective tissue, ceU^ 

COTltentB, &C. ^H 

Notaithstatiding the closest score}], Laer was unable to iJiacover 
any special pigment in the hair, although the microscopical cxa^ 
rninatioii of the cortical substance of differently coloured haii 
that IS to say, tlie existence of certaixi coloured iiioltcuks — indicat 
tlie presence of a defiuite pigmenl. It b* however, well knoi 
that white hair is especially rich in ur, and thut to this circui 
stance it mainly owes its glistening colour. Laer has furtht 
shown by numerous experiments on differeTJtly coloured hnir that 
the iron which ia present, and to which VauqaeUn had drawn 
attention, exerts no influence whtitever on its colour. 

Laer found nothing but margarin, margaric acid, and oleiu in 
the fat extracted ^m hair ; this faC had an odour of hair> or mtl 
of sweat* 

The amount of ash in the hair differs very much, although 
does not bear any relation to the colour, or any olJier property 
the hair. Laer found from 0"54 to l"S5g of ash in the hair, anti^ 
from 0'05S to 0'39uiJ of peroxide of iron, but he could not di 
manganese ; he found, however, some silica with phosphnte of lim< 
Von Gorup-Besanea," who has made a very cliiborate examination 
of the quantity of silica in the hair;, found that tlie hair of animals 
contained on an average a much larger amount nf this substance 
than human hair (tlie Utter conburiing only from O'll to 0'23£) 
vhilst the former contained from 012 to U"57w). 

Wool and bristles do not differ essentially in their compoaitit 
from hair: the chemical constitution of feathers has, however, Ij 
found by Schercr to differ very considerably from homy tiasucB" 
ge-ncrally, and from hair especially. He found aa the mean o^_ 
two analyses of the beard and the tjuiH, 52-4480 of carbonj 7'1^6ljH 
of hydrogen* and 17"7878 of nitrogen. Qorup-Besanea foundcon- 

sidcrablc quantities of ailica in feathers. He has treated, in a most 

careful and complete monographj of the influence of the rai 
varied physiological Telatioiis, such as sex, age, mode of 111 
species, &.Cp, on the quantity of silica in the feathers. 

* Aan. d< Ch. u, ritann. Bd» Ofl, 3. 921-342. 
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CoNTnAcriLE Fibre-Cells. 

Wk are especially itidebted to tho recent investigariona of 
KoUilcer* for a more accur&te knowledge of tlKJs« histological 
rllknienU which have hitherto been included in tbe'ir oggregatioii 
in the fLnimal body under the name of organic or smooth muscrtfar 
fibres. These cells commonJv appear m the form of loiig fiiBiform 
narrow fibres, with finely attemiated extremities, frfiquently also in 
tLat of e1on<^ted, quadlran^ar* or club-shai>ed plates, whuae mar- 
gin» are occaaionally fringedn The majority exhibit, especially when 
aned upon by acetic acid, a prominent nucleus, which is either 
cylindrical or baton-like. The nocleus appears to be perfectly 
homogeneous, a nucleolar being scarcely erer found in' iL Tbe 
lubstnnce of the cell occasionally exhibits pale or dark granules^ 
which are partially arranged in rows corresponding to the axis of 
the 6bre5, hot in other respects this is also homogeneous. It 
cannot be decided with cerUiinty whether it \s surrounded hy any 
special cclhraembrftnc. Thcac tibre-cclh form by the lateral JLtxta- 
position of their extremities the bundles of smooth muscle which 
are visible tu the naked eye, and o[?cur, amongst other places, in 
the iiktestiiml canal. Kcilliker divides the smooth muscle into the 
jttve and mired varietyi according as the cells arc arranged in 
larger qua^TLttties ao as to form bundles and membranes, or are 
merely interspersed amongst other simple tissues; to the former 
class l>elong those which have been long known, and tn which 
Heolct tirat recognised tho presence of true 6hre-colla, namely, 
the muscular coat of the lower half of tho oesophsgus, of the 
stomach and intestinal canal, the nipple, the bladderj the prostate 
gland and vagina. The coarser bundles of these muscles are like- 
wise held together by connective tissue, but they arc not so 
thoroughly intersected by it, and divided into aepnrate fibrillffi, or 
imaller bundles of fibrillffij as the mixed smooth muscles. The 
latter, which often appear as if tliey were scattered over connective 
lisBUCt embedded, aa it were, in the clastic and nuclear hhrcs,wcre 
first shown by K6Iliker| to occur principally in tire trabecular 
tissue of the spleen. They have since been discovered in many 
other compound tissues, which had been known as contractile and 



• ZoitHh. i. v'm. Zaoh Bd, i, 8. AJt-fl?- 

t Al]«. Aoat. B. S7C. 

X MiUlidluiigeQ der Zurich, uaLiuf OeseUaohaft, 1647h 
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faftd htm ewefallr exunincd with nfemtitt to dwir 
elrmeats, vrithout our recognbuig tbeie odinbr pBita «■ idcntli 
mth orguiic rouxcuUr fibivs; espcciaJlj m the tnnica dutos^ ui 
middle co6t of tbe ftrtcnea* in the choroid c<ut of the eye, 
the veinji and Ipi^phfttics, in tlie M»rpoT« cAvtmo*^, the pi 
gluid, the Fallopiin tithes, Che utenjR and urethra ; ako in mi 
iBBcuua membrajiea, and especiaily aroond the intestJiial 
(Briidie). In the trachea, the bronchi, the uretera and vi 
dtffiwttitia, oa well as in the internal muaoul&r tunic of the testi< 
they approximaie more closely to the pure smooth muscles. Final 
the imooth muscles are never enclosed by a true sanulenuna. 

Tiiese hi^tolo^cal atructurca do not serve the animal organic 
by their physical propcrtica like the elastic fibres, in conjimcl 
with which they so frequently occur; but it is to them that those 
lUiucA, in which they were formerly either only imperfectly, or not 
at all rcccgnUcd, owe their contractility under ihc iufiuencf of the 
n^rv&iis eyatern. The admirable labours of Ed. Weber* have 
yielded UB the most valuable information in reference to tins sub- 
jct^tt and have clearly elucidated the essentia) differences existing 
between tlie action of the contractile organs and that of the animal 
mutidea, Weljcr has shown that in the ciue of almost all tt^^ 
organs which are provided with these cell-fibres^ a mechanical ^^t 
cheniieni irritant, such, for instance, as the emplovment of A 
galvanic current, generated by the rotatory apparatus, induced oulj^ 
ft gradual, and, at &rst, a very limited contraction, which, howeve^H 
became diffuaed, after a time, over a larger portion of the part ^^ 
qui*»tion. Netllipr the huitdles tojched bjr the pole, nor the parts 
depcniliiig upon the excited nerves, contracted in any very appre- 
eialdc period after the application and interruption of the galvanic 
current, hut the adjacent bundles be^^ame successively affeciedjand 
u miiTcmcut wns thus induced which did not finalEy disappear for 
A liing time. Ed, Weber succeeded, botli Ijidepenilently and 
in ooujunction with E, li, Weber,t in detecting the contractions 
In veins and arteries of medium and small calibre in nearly tlie 
«ame forms as tliey occur in other organs^ KGllilceT:[ aUo hoA 
cently observed them in the blood-vessels and lymphatics of ma 

ICekerj urul Kij|]iker]| have^ however, fully shown, by 

• Jlnii-i«;iitf^tlnicli ilsr riiyEiologio- Bd. 3, Abth, 2, S. M«, 

t JM<rii'lilo Ju^r h. fiiMiB, Gno. ^. Win. IJ4V, S. 91-un. 

t i^'dtmh. f, vib. Zui}L DtL I, 8. 2A7-2GU. 
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^BniT* domonitntioftn of ihc cl^^mfiiiiM or rnotioii ih the iuwcr 
ainmb^lhat llib roniractilitj-, or property of contmrlirig on Ihe 
ftppfirstion of stTmuli to tHe nerves, la not cunnectcil in the aniiiml 
OTgBiism aolcly nnd c^diuircly with the ii1>rc-ctilla of ihc amootli 
DiuscU^, bill appertjiin» to other histoloj^ical forms, euth as. anior- 
f>h(iLjs Tnen]bra.Ties, tubeif vesicles, filaments^ ike. 

Our iiilerest is naturally incrcftaed, aa we here 6nd uorseliett 
dcdihg, fot the 6rat tiniei with a forni of animal tissue whicli 
«ihjhiu vita] activity, or, in other words, ihovcb through the 
influence of the nerves; arid we find, moreover, that the uhcmical 
nliUiotkS are here wholly different from tlioxc which we have 
Jijthcrt«> rtoticed in tliosf tissues of the animal organiflm whidi act 
ulely by their physical prupcrlies. 

The following remarks embody all that iu kr»own from my own 
obMrrations, and those of Dundera,* Schuh£e,~f~ I'aulaen^ and 
others, in reference to the micro-chctmcal rtactiora of these 
fihrc-cella- 

The most generally known of tiicse U tlie action nf nfeiic acid, 
whieh^ when employed in a more or less diluted atate., c^iunes tlie 
vobatADce of the tibrc to nwcllf whilst it increases ita trani4|>arcrioy ; 
the nucleus, which vwi pale and scarcely visible, now staikds out 
Qore promineniljr, and commonly presents the appearatice of a 
hharpty ouCluied, baton-alia|>ed« nflcn somewhat bent and even 
twisted dftrk t>ody, in which no nucleolus can be seen. According 
to KolUker, acetic acid frequently causes the nuclei to contract in 
a alight degree; not unfrequertly, it induces an augmentation in 
their hreftdth, rendering the nuclei paler instead of darker. 

Concentrated acetic acid complctelv diasolvca the libre, until 
evtn the nuclei are gradually rendered indistinct. Fnt-glohules 
uiH molecular granulei are then the only things to he discovered 
bcticeen the hyidiue tibrcH of »intiect|v^e tis^^ue- 

EjrtremeJy dUttte hydrochloric acid (I part of auhydroua acid 
in i^UOO parts of water) behaves in almost the same way n-s 
dilute acetic acid, aTthougli, areording to my eK|>erienco, in a more 
docisive momker. The nuclei appear more distinct luul dark, the 
AobMAnce of the cell becomes very pellucid, but at tlie same time 
ACsuiQCG a curled or wave-Hke appearance ; the nuclei lying in a 
curve of the fibre present, collectively, a orescentic appearaneet 
and ibeir extremities are Lu some' cuaea twistetl in (fp]>oKite direc- 

■ Op, cH. 

t Op. cit. 
I Op, cit- 
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liOM. By the prolonged artion of the acwl the sohAmoe of 
crll !s diMfklv^t)^ lenving, in addition to unorpbooi gnnui 
nothing but nuclei, which now, for the mo^t pvt, aunme soi 
what the form of cucumber-seed^. The fibres of eonnectii 
tiJHLie, which ftre occoalonally present, appear u very tnnspoi 
hrundericd, perfectly homogeneous bands. I wai much ^^urpi 
Uj Snd, on cxftnrkining organic muscles which bad been frequeni 
washed \n water, and macerated for a long time, that no uu* 
eoiiM be rendered visible either by the dilute acetic op hy< 
iblnric add, (F. P. U, F, fi.)* Henlef was led to irifer, from 
rCBolt of his experimenta, that the superficial lam always soon 
Uiidergoos tie corn position, and hence its nuclei are first destroyed, 

The fibres ahrivcl up very readily in ccnctmirated hytirothloric 
acid, fiul the nuelei are not rf^ndered more tranaparent. Aftfra 
prulivifEc<J exposure to the action of the acid, entire, finely striated 
bLHidksarobrought into view. Water causes the fibres to vwell, and 
form thick, sharply outlined strings, in which state they resemble 
the rrpn^entations {or rather tlie diagrams) formerly made hi 
histolo^ists of normal organic muscular fibres, 

Vimf^mtrafed suJphuric add renders the bundles of fibres moi 
iranspnrcnt nnd gi^latinous ; after the repeated addition of water tl 
bundksooiitractj and again ap|)ear distinctly fibrous (Donders). Nl 
nuclei can he distinctly recognised, but 1 hare frequently olraerved* 
in preparations which had been treated with concentrated sul- 
phuric acid, and after tlie repeated addition of water, the existence 
of coarse gnuiulen of an oval or Irregularly rounded shape and 
is()Uto<I fut-globulea, whiht the other histological elentcnts had 
wholly disapiionrod. 

The fibro-^^Us become somewhat contracted in concenJralt 
rold nitric odd, and exliibit a curled appearance. The smaller 
bundles arc divided into isoltitcd fibrils of a pale yellow colour; 
nil nuclei can be doicctcJ with certainty; the fibres of connective 
liisvic Tcnmin svnooth and narrow, and are not coloured yellow. 
The ycllov colour ap^Kars in a remarkably beautiful manner ir 
the fibre-cells on applying caustic ammanJa to the object after it 
has been treated with lutric acid. The fibre-cells are perfectly 
diKMiilved In Ixtiling (vinrcnlraled mrrio acid, whilst nothing appeat^H 
in tite fluid l^yiind a few Sf^ttcred fat-gtobules, ^| 

A o«nccntnit*'d aolutiitn ^f chromic acid renders the bundles of 
amoolh niuHclo so perfectly soft that they break up on 

* Thn alibrorbuiuii for Punke'i AiUa, Plaie 14, fig. 0. 
1 JaliriMbtr, (Irr «««. Med. IH01.S,44. 
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iJighleftt prp«ure into greenish vellcvr, somewhat turW rods, 
niich nowhere ejtbibit^ with certainty, even & trace of a nucleus. 

The proloit^td hction oi Jidsiute solution of soda loosens, softens, 
»nd tinally dissolves the bundles of fihres^ Icaring only 6ne long 
ihrefidi, whirb lielung to the rudeor fibres. At the Haiiie time 
annmber of coarae granules of a very irregular form are brought 
into vte<!T, whose chemical Tiature couI4 not be closely inveAtigated. 
Tbere were no nuclei to be di^teoted. 

A concentroied moMigh ofpoiaghj after prolonged action, causea 
tbe almost total dbappearance of the Imbvidual fibres, there 
remumng only row» of granules. On the ndclition of water, every- 
tkin^ is dissolved excepting some minute tiUments (in the !«ame 
manner as by the action of dilute aoda)- 

Tlie fibre-cells undergo no visible alteration in a solution of 
moderately eoncentratcd cttrbosiaie of poiash^ 

On digesting a carefully prepared and wclUwaahed portion of the 
muscular coat of the stomach of a pig for a prolonged ]>ericd (from 
1@ hours to 3 days) in a solution of 6 part^ of uUrttte a/ jioftisft 
m 100 parts of ifater, at a temperature of 50° or 40°, no eascntial 
chaii^ will be observed in the individual smooth muscular 
fibres; as in the case of carbonate of potaah^ they simpiv su'cU, 
and become sonievrhat mure translucent. No nuclei enn he dia- 
OOTCrcd in dther case. The muscular suhatance itacif becuiTies 
>omewhat harder, 

Miiion't reagent (see vol. i, p. 32S) colours the whole moss of 
ihe bundles intensely redj but when seen under the miertjscope the 
individual fibrc-celli do not appear very highly coloured- 

An arjpie<ma solidioJi of ii/dine causes the fibre-cella to shrivel 
ap, renders the nuclei less distiiict, and imparts a yello^v colour 
to the whole mass. The nuclei L^annot be brought into view even 
by tJie repeated apphcation of a dilute acid. 

'Ilic bundles of fibrils hecojue gelatinous in cfmceriiroted 
fh<aphnrie ueid. Under the micToacope, fibrillation is still per- 
ceptible, which, however, becomes more distinct on the addi- 
tion of water to the object. Here, too, we have a granular matter 
vliieb docs not, however, appear to contain a nucleus* The 
granules precisely resemble those which are brought into view on 
the addition of water, after the fibres have been treated with con- 
retttmted hydrochloric acid or a potash solution. 

If the middle coat of the arteries, or the muscular coat of the 
stomach or intestinal canolf be treated with concentrated acetic 
add, after having been cut in shreds and carefully rinseil, and 
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ufUTH'QHA boiled for a conaidcrabk time in water in on 

reniove the golntigenous connective tissudj a substance is di«- 
wlvecl which b precipit&ble boili by yeUoir and red prusaiate of 
poUtsb. This may be agfliii jjrepipitated by neutralising the 
acid ; it contains a considerable quantity of sulphur- 

The substance of the fibres of smooth muscle behaves towards 
very dilute hydrocldoric acid (I p. m.) in the same manner u 
Lichig* showed was tlie case with the striated fibres. (See note to 
voUi, p. 350, on Syjiiomaj m the Appendix.) Thus, for instance, if 
the muscular coat of the stomach (of the pi^1i after being eat in 
shred<i and thoroughly rinsed with water, be treated with hydro- 
chlorie acid of this dilulif*n, the fibres of the smooth muscles be- 
come diasolved ; on neutralisation of the add, the solution beljaTca 
in precisely the same manner aa the hydrochloric-acid solution of 
syntonin from striped muscle; tbe flakes, which gradually separate, 
dissolve very readily in an excess of an alkaline solution, and like- 
wise in lime-watery this solution coagulates on boiling, like albu- 
men ; ifj however, too much lime-watcr be added, the solution 
merely becomes opalescent, and it is not till it is neutralised with 
acetic acid that we have a copious curd-like precipitate. Tb^H 
original hydrochloric- acid solution of llie fibrils is strongly pro^^ 
cipitated by concentrated solutions of the neutral salts of the 
alkalies and alkaline earths; as, for inetance, chloride of potassium, 
sulphate of soda^ hydrochlorate of ammonia, chloride of calcLi 
and sulphate of magnesia. 

1 obtained precisely the same reactions on treating the wd 
washed middle arterial coat of the ox, the bladder of the pig, 
the tunica dartos of the bull in a similar mnnner wiili dilute hyi 
chloric acid. 

No sarcolemma can be chemically demonstrated in the organij 
niiiscles. KoUiker thought he could sometimes perceive indica> 
tiuns of a eell-niembrane irj individual fibre'eelh^ but 1 have been 
unable to demonstrate its presence by any chemical reagejits. Tlie 
nature of the nucleus, which is insoluble in acetic and dilute mineral 
acids, haa not yet been closely examined, 

C, Schmidtt attempted 8ome years ago to make an element 
analysis of smooth rauacic (the large thoracic muscles of tlieCocI 
chafer and the adductor muscles of Anodonta cygnca), for the pi 
pose of comparing its composition with that of stiiped muscalai 

■ Ann, J. Oh a, PLoim. Dd, 73, S. 125-129, 
t Zut v^rgl^iiihcDdeti PhjEiologi^ der nirbeilown Tbiere. St 
Iflift, 6, Sa-flO |gr Tftylor'* Soientifio MomoirB, vol. 5, pp. U-SB). 
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fibre, lie foun<J that both kinds of muscle wore perfectly identicol 
in compomlon i'52'Jr! of carbon, 7"2^ of hydrogen, and 1V3J of 
idtrogrii). We tbink that this coincidence srarccly proves aiiythiiig 
DDorc thnn the insufficienc]^ of our elementary analyses; for sup- 
posing that the fcbre-cells of smooth muscle were identical with the 
tibriU of striped muscle, it appear* singular that the presence of 
aarcolemmft and of lrachi?al ramifications in the one tissue, &ud of 
£bre9 of connective tissue in the other, (that is to say, of foreign 
tabfttanccs, which e^mnol be removed by the most careful prcpara- 
doiij] should not irduee any diETerercein the r^suhaof the analyses. 
We do not, therefore, think tlmt we are justified in drawing a con^ 
duaioD in (avoui of the identity of composition of the organic 
elements of motion from these cinalyses, although they were un- 
doubtedly conducted in aeci^rdance with the best chemical methods. 

If, fis it vould apjjear, smiLllcr quaiitltics of carboii and nitrogen 
have been found to be present in the tissues which hnve been 
anfldysed thnn in hbrin and albumen, it is more prohable that 
Uw difference is miher owing to the amount of connective tissue 
vid 4jf chitin, tlian to a different composition of the contractile 
elements themselves* 

We have, therefore, regarded it aa more in accordance with the 
inductive method toinstitute, for the purpose nf comparison, vnrious 
elementary analyses of this substance, which is eitractible fnini 
CTcry contractile tissue by dilute hydrochloric acid, tirat prticipi- 
lAUog ithyadiluteeolutioti oFscda, and then e:ttractingitwithalcO' 
bnl and ether. Although we have notKo far deceived ourselves &5 
to regard aa perfectly purcthia matter which, at all events, is maiidy 
derived from the subetai^ce of the contractile fibre-cells, [aucb a 
supposition being controverted oit chemical as well as histological 
grounds,) we yet believe that the analyses of this matter, obtained 
from diflerent compouml contractile tissues, are better adapted 
for comparison^ and lend to more reliable rcaults, tJmn the 
Biudyaes of the eomplex tissues themselves. And in point of factj 
tliis cell -sub stance, which is solnhle in water containing hydro- 
chloric acid, inviiriably presented the sam^ coin|iosLtiun, whether it 
had l>een obtained from the muscular coat of the stomach of the 
pTg, or the middle arterial cojiL of the ox, or the tunica tlartoa^ <jr 
the bladder. It also appeared that this substatice, which is 
derived from smooth musculur fibres, has the same composition as 
the analogous substance derived from striped muscular fibres, 
uhich wiia first ohtaintxl by LJcbig and analysed by Strccker* As 
ve shall fjflve to consider more fully in anotJier portion of this 
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more accurate investigation, ihiiw' tliat there exiBts, ut all cv^ril 
a very great analogy between the juice of the stripetl muscles &ii 
lint of tlifi lihre-cells. If we concur in tlie douhts expre!(^>4e<J 
imc of the mo^t distinguUticd hislologists regardirg the cjiit»tencfl^ 
of these fibre-colls in the middle coat of the artericBf in which 
Kbliiker believ^es he has found them, it: would, at all events, seero to 
be proveJ, ill regani tu lIk^ chemical view of the case, thai the filmla 
of the strii^ed muBcle«, hkc tht^ nmooth muscles Jind the contrac- 
tile tisBucSf not only ccnt^^in a eolid substance which la cbemieally 
identical in all, hut that this textural element is invariably aur- 
mundeil hy a juiee which differs essentially from all other animal 
juices hy its acid reaction, tlie ahundanee of its potash-salts am^_ 
pho'iplmteB, and by its containing creatine^ ^. It remains fur^H 
more exact investigation to establish with greater precision the 
difTereiieeii which the provisional analyses indii^te between the 
constitution of these juices in the different contractile tissues. 

Although we have already aulliciently indieateJ the course 
he pur^uGd in the inve irrigation of contractile tissuej we will briel 
review the mode of proceeding. If we arc once aaaurcd that tlie 
object ^vhich we arc ciarnining is a tissue compoaed of various 
histological elementsj which, moreover, is permeated by a fluid 
ditfering in all resjiecta from the blood-serum,— whether sneh eun- 
traetUe tissue be uhtained from the middle aricrtal coat, 
muscular layer of the intestine, the urinary bladder, the luni* 
dartos or the uterus, — our first endeavours should of course b^ 
directed to the removal of the unimportant constituents from tli« 
fibres of the smooth muscle* UufoTtunatelji we are quite uDa^vl^| 
to obtain perfectly pure fibre-cells free from nerves, ccnncctiv^^ 
tissue, and nuclear and clastic fibres i we are therefore compelled 
lo have recourse to various imlirect means of obtaining a knovr- 
led-^c of the chemical nature of this histological clement- Wh«^_ 
the tissue liaa hccn carcrully reduced to minute shreds, and rinsei^ 
ill lukewarm water until no trace of CH^nic matter is longer 
visuble in the fluid that is poured over it, two methods preseit^— 
themselves for our choice in preparing the Hulistance of the fibr^H 
cells for chemical examination. We may dissolve either the con- 
nective tissue or the fibre-celts; either methodj however, ia op 
to serious objection^j. No other solvent tljan boiling water aho 
he used for dissolving the connective tissue when an albumin 
tissue is present ; and, even tlien, we only attahi our object in 
most imperfcet manner j for, in the first place, the fibrinous sub- 
stratum of the cells is reduced to a state of coagulatioi 
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prtri-lmlt^s llie pusHibility of sepru^ting thiB anliatance from the 
nqdei of the fibre-cella; aecondly, the fibrc-cclla themselves aro 
Mte^-ked ^>y Ihe prolonged boiling which is necesaary for the 
purpose of elTcctJiig an completely as possible the solution of the 
connetrtive tissue, [a substance, correapondiMg U> Mulder's trituilde 
of protein, dissolving with the gelatin, as Schultce formerly re- 
ntarketl ;) thirdly and Ifistly, notwithstanding all l>oiiin|{, the 
nnrlear fibres of the eonneetive tissue remain undissolved (aa has 
been often ftlrcftdy mentioned), and even nheti no true elastic 
fibrea art intcraperaed amongst the contractile tissue, c<5nstitLJtc a 
residual masf^ ivliich cannot be regarded as a chemically pure body. 
The eoagutated Kiibstance of the amnoth muHrle^ does nut dissolve 
readily in cklkhhes, and cannot, tlierefore, be very jierfectly sepa- 
rated from the auhstancc of the nuclear fibres* as this also parlioliy 
dissolves in alkalies, more especially on the application of heat. 
The quantity of sulphur cnntained in the contractile fihre-cell!< 
cannot tlierefore be determined with certainty Ijy this method, nor 
ia the method of dissolving the substance in alkalie^^ and precipi- 
tating it by acids, to be unconditionallv recommended ; if, however, 
we would tiimlyHe for itH sulphur the suhstanee after being only 
l>oi1c(l in water, without having lieen previously dissolved in alLa- 
liesj we should in every case tind too amall a quantity of sulphur; 
for the nuclear fibres augment the matter which is free from 
sulphur, and some of the SLdi>1mr of the substance also esca|>es 
on boiling it in the air. 

It ia better, therefore, fortliGscrcfiaons to endeavour to dissolvo 
ihe Buljstance of the tibre-ceUs, and we may employ as a solvent 
dilute alkaline sulutiona, moderately dilute acetic acid, or watCr 
contAiiiin^ hydrochloric acid> I have found that the most efti- 
cacioos of these three solvents is the very dilute hydrochloric acid 
(containing from O'l to O'SJ of the acid). A <liliite solution of 
toda renders the connective tissue too gelatinous, and very pro- 
bably also dissolves some of the nuclear substance of the contrac- 
tile ^bre-ceUs, and makes the determination of the sulphur uncer- 
tain* Acetic acid is better, but theiirst of the objections advanced 
a^in&t the use of tlie soda solution exists also in the case of this 
tdtli The hydrochloric-acid solution must be rcj^ardcd as a tolera- 
Wr pore solution of the subatancc of the ceLa of the contractile 
tiasue, ^s the connecUve tissue, the nuclear libres, and the nuclei 
at the (ibrc-cells themselves remain undisstilveti. The substance 
of the libre-cells is thrown down from this solution by careful 
neutralisation in the form of a soft gelatinous masut which is 
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IterfecUy adaptec] for the determination of Utc sulphur nrid fnr th 
elementary analyais generally, after it has been e^itncted witJi 
alcohol nrtd ether. The substance composing the nuclei of tbe 
iibre-oelU cannot 1>e obtained Ln aii e<|i]sJly pure ^tate, smee its 
hat solvent ]» a dilute solution of anda, wiiicii always dissolves 
some of the connective tissue, or, at all events, occaaions 
gelatirtoua parts to pasa through the iilter* 

We abstain from making any Temarks on the method of 
examining tlie parenclnmatous fluids partly because we have 
airesdy fTequently apoken of the mode of dctenniiiivi^ the indi- 
vidual confitituenta of the animal fluids, and partly because wo 
Hhnll have occasion to revert u> this subject under the head 
tiic Striped Fibres. 

^^^ Thesk textural elemenU, which have also been term^ ait 

I ( Hrescliet), or artkuiated (Treviranus) muscular fibre»i or bandie* 

I of contradik jibrila (KoUikcr), are peculiar to those organs 

I moLion which, at least to a certain extent, are subject to the wiiL 

■ If we examine any musde (asj Tor irstanee, one of the 

I alxlominal cnusdea) in l>ot]i longitudinal and transverse sections, 

I wc perceive, even with the naked eye, that it consiata of a more or 

I IcHH considerable number of parallel, longitudinally striped bundles 

^ (die aeeondary muscular hundleji), which are Jiurroumied by con- 

nective thuMG {perimysium in/er/zir pi), serving to unite them together. 
In this connective tisaue we may trace, on a careful examination, 
a few blood-vessela and nerves; but when we examine these 
Htriped bundle-i under the microsenpej we perceive that the longi- 
tudinal atr][ics are dcjKndent on yet finer bui^dles, which may 
recognised undor higher magnifying powers as roundish, irTegu- 
larly flattened cylinders or GtriiigST whose transverse section oc 
sionally appears hexagonal, and which exhibit distinct transverse 
striation. A more careful examination of thene very line, trans* 
verscly striped bundles (primitive muscular bundles) shows that 
thoy consist of closely approximating, n«cklace-bke filaments, 
which are elu>ie]y surrounded by a homugeneous smooth investment 
ianrtoletAma). This investing membmiie of the different prim 
tivc bundles ift held to^^ether by Qlamcnta of connective tissue 
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bctueirn llic MTCtilemma of the tlifiereTit handlefi we find the 
well-knowm vascular network of the muscles, iiilh its gene- 
rally rectangular meshesj and the tortuous winding of tlie nerves. 
tt is not B settled point whether the sarcolenima in the developed 
muscle cont&ins nuclei ; that is to s&y, whether the nuclei, which 
lire appareiLtly pcrccptiMe in it, appertain to it. or whether Ihcy lie 
under it, and belong lo the muscular filirils of the primitive bundles, 
and therefore to the contents of the sheaths of stireolemma ; at all 
evcnts> we niav perceive in the sareolenirna roundlhli nuclei, frc- 
qLicntl;^ rcscnihling drops of oil, or, more rarely, having a spindlc- 
like fornij of which some at all events, according to Schwann and 
Kuliiker, are situated between the sarcolemnia and tlie muscular 
fihrils, but are not intimately connected with any of these parts. 
We tind* as has heen already ohscrrcdj that the substance inclosed 
in the aarcolenima always presents a strongly marked transverse 
nriationr and generally e less distinct longitudinal marking; so 
that the primitive bondles nii^lit just as readily be auppo^ to 
consist of superimposed discs (Buwmaii) as of long, fran^veracly 
Ktriated fibrils. In muscles, however, which have been submitted 
to chemical treatment (whether simple boiling or ihe action of 
rtJtgents), we very frequently see a separation or did n leg rat ion 
of the contents of the sarcolemma into constricted hlanicnts, which 
boa led moat hislologists to regard these contents as composed of 
Jlbrils. It is very generally believed tliat the constrictions uf the 
transversely striated primitive fibrils stand in the closest relation 
to the Function of the muscles ; on making a microscopical exami- 
nation of the muscles of just killed or stitl living caterpillars, we 
jierceive the dark stripe* approach one another, and again separate. 
In paralysed iimacies (which have not yet undergone fatty degene* 
ration) these stripes are observed to be more widely separated from 
one another than in healthy oiuscIesj &c. 

Although several very admirable irvcstigators will not admit 
that these observations afford sufiicient evidence of the essentia] 
ptul A'hieh these eonstrictione of the elementary tibrils take in 
muKCuIar contraction, the constrictions, or, perhaps, more cor- 
rattyH|»eakitig,VBric05edllatat Ions, which are so constantly observed 
in this group of animal fibres, cannot be wholly purposeless or 
ucideiital ; for, granting that our theory of the contraction of the 
libriU is very compliciiled, the want of homogeneity in the fibres 
must rKert some infiuence ^tn their contraction. The elrmei.tary 
librci are assuredly not formed of an entirely ho mogcneoua su)j* 
stance ; for, in the brbt place, wc occasiortally ±iecthc muscular lihre 
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bttak up transversely into diaca (flowman*) or into pftnUelopi- 
]>edft, and each tieparate fibril mto sRiolIer linear sections, and, 
finnllyj Into serially arranged granules {see roL ii, p. I2j), Tike 
continuity of ibe elementary fibres is tlierefore readily deatrvyed '"i^^ 
the direction of tbc contractions. On the other hand, the moa^H 
cular libriis, qs I pCKeived long befure T waft acc^uainted wUH^^ 
Bowman's obaervationa on the subject, undergo certaii) alteratioTia 

furm by which they are cither ehurtened or lengtheoed, when 
Subjeclcd to the action of water and other aubstancca. 1 treated 
the muscular bbres of the extreirittieft of tolerably developed 
embryoa of the eommon mousj? (mus domesficvir) with different 
chemical reagents ; 1 found that the addition of water had the effect 
(us Bovrmon baa very often observed] of rendering the striation 
more indisti[ict, and sometimes even cnusir^ it u^holly to dis- 
iip|w«r; hut wlien very saturated solutions of neutral salts, surh as^^ 
chluridc of calcium, sulphate of soda, hydrochloiate of anunoniaj^^ 
or of eugaTj Slc-j were added, the transverse stri^ nhicb wer^ 
ori^irifiUy at a relatively great distance from one another, came 
nearer together, the bhortening being reaJily appreciable by thj 
micrometer. The tfanaverac stride themselves appc-ared to W 
i^har^Jcr and more distinct^ but separated (igain more widely From 
vne another when the saline solution was washed out as mttch as 
possible by wat?r ; and although their (juthiies grew fainter^ they 
could not ag^n be made wholly to disappear, Th)» observation, 
which was frequently repeated, proves, at all events, that the mua- 
culnr fibriU have a different (Opacity for imbibition at their, 
varicoftitie^ anJ constnctionsj depending upon n difiereneo in thi 
aggregation of their smallest mechanical, if not chemical, particle^.' 
'Hie elementary fibre of the animal niusclea cantiot tliercforc be 
uonudcred as homogeneous; nor can we regard the phetiomei 
which arc produced on the apphnition of saline solutions, 
the effect of atmple contortions of the fibres, *uch as Heide oh 
served in connective tifisuo. 

H the physical e:tainination of the muscular fibrils shows that^ 
they are not simple, hoRiogeneous, partially folded strands, th.is \% 
still more distinctly proved by a chemical invcstigatioM, as It 
doBtT'oys the fibres; for whatever may be the reagent employed* thCj 
Hbrils are always unequally dissolved. Firatof alh there are form* 
amull lihunents resembling vibnonea, which, together with fal 
ghibulcj^, rc!solvL- thcnjucLvea into a number uf molecular, oflei 
Hcrially atronj^ed granulea. If we regard the primitive fibres aii ni 
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ttnnogencoiia, tliis must }>e still mnrc the ca?€ wjtti l}\c primitive 
bUfKlles. U'e liave already referred to the nuclei on the surface of 
the musculsr fibres; the elementary Bbrils themselves, however 
nearly they approximate to one anotherj or however closely they 
Mie irwested by the sarcolemmn^ are yet connected by on interme- 
diate substance, which is itself of a double rmtitre ; for, in the first 
place, certain distinguished mieroscopists have observed, on trans- 
versely cuttiu^ through a muscular fibre* that there is a granular 
and molecular substance lying between the cstrcmitica of the itidi- 
vidua] fibrils ; and aecondl)', ve ear seareely seek for the juiee, 
which has been so adminbly investigated by Liebig^ elaewhere than 
within the sareolemma of the primitive bundlc^j which it appeara 
to permeate* 

We must, therefore, separate our cheraical investigation of the 
BJiimal musplea into several sections ; of thesCj passing over the ever- 
present connective tissue of the perimysium as not at present eoii- 
cem]ngus,the numerous ramificationaof blood-vcsaclH,tbe oervons 
twiga, and the sparini>ly scattered lymphatics, the micro-chemical 
investi^tion of the sfircolemma and of the cylindrical bundles of 
fibrila within it demands our special attention ; from this we will 
pa$3 to the macro -chemical reaetions, which can be exhibited with 
rauacular tissue, terrainating our inquiries i^-Jth the examinaljon of 
the pa renchvmatous juice. 

Very dilute acetic acid {1 part of acetic acid in 5000 parts of 
vatcr) causes the primitive bundles of the musclca to swell very 
rapidly^ and to assume an extremely pale colour ? after a prolonged 
arfion of iwo or three or even four daya^ we obst^rve that the bun- 
dles are much swollen, that the transverse stride are very distioct^ 
and approximate more closely to one another, and that the nuclei 
parallel lo the long asis of each bundle are very narrow, elongated, 
granular, and not sharply defined- many of tliem are constricted 
at four or fire points, whilst others protrude with the muscular sub- 
starvee from the eareo lemma, and ore scattered about transversely 
Hfid obliquely in relation to the axis of the muscular bundles. 
There ht never any appearance of longitudinal atnie (indicating the 
existence of primitive fibrila] in the muscular substance itself; on 
the other hand, a transverse striation may often be distinctly per- 
ceived. At the cut extrernities of several primitive bundles we 
may frequently recognise portions of mutieular subsLinre, corres- 
ponding to an individual transverse atriation, and which, without 
having any distinct form, such as fiowman has dchnoatod, clearly 
show the division of the muscular fibre in the direction of the 
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individual tr&nsTene striR ; under ^vourattle iUumknation> and 
the help of the diaphragm, ihe flflt aectiona are seen to [^resent 
tict-like appearance, resemWing lines which intersect one another 
at acute angles, and arc somewhat swollen at the points of inter^^ 
section- TTie transverse separation of the muscular fihren ma]^| 
often he recognized hy the fact^ that the half only of a disc car- 
responding to the traiifiverae cleavage is torn off, whilst in some 
cn^i one of the tranavcrbc di&ea of o muscular dbre ia loosened 
and coiled hack on itself; or again, a museular £bre is aomewVii 
bent and torn up at its convexity into separate Lranaven^e di^o 
causing them to divei^e like the leaves of & badly bound opi 
book. (F. R15, r.4.) 

Concentrated acetic acid produces the same eifect after from 
5 to 10 hours' action, as tlie dilute acid does iti a much longer 
period. 

The sarculemtna is not altered cither hy dilute or concentrated 
acetic acid j at the parts where it has been deprived of its contents^ 
it presents the ai^iicflrance of a structureless menkhrane witboul 
nuclei, but interiipersed at different points with fat-globules* 

Very diluie hfjdrochloric frcid{] part of acid in 12,560 parts ol 
water) produces nearly the same effect on the muacvilar hvindlec a*^ 
acetic acid, rendering them paler, whilst the nuclei come pronoi^H 
nently forward; the muscular (ibres do not, however^ swell to so 
great an ei:tent as when dilute or concentrated acetic acid is used; 
the transverse striationa are sharply marked, but a tranavcrMA 
cleavage of the fibres is not so frequent; there ia no appearanco^^ 
of longitudinal striations (primitive fibrils). The mode of action 
of a leas dilute hydrochloric acJd will be considered at a subsequci 
page. 

Donders=* maintains that by prolonged digestion in dilute hyi 
chloric actdf the sarcolemma (at alleventajin the primitive bundles 
of the heart) is rendered very distinct. 

Concentrated hydrochloric acid converts moderately sized pieces 
of nmsf^e, after a nhort time (8 Jiours), into a viscid mass, which 
can be easily stirred in the fluid surrounding it. We di»cov^ 
under the microscope, that the fluid contains rather short parallelo^| 
pipeds, having a very distinct and often sharply defined Iransverae^^ 
Btnarion- Although longitudinal Etri^ may be detected here and 
there in the fibres, the primitive bundles are only torn or cleft 
in a transverse direction ; but whilst the transverse atrios always 
follow a tolerably parallel course, they frequently exhibit several 
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tntersticea or cavitJcn which do not extend through tlie whole 
handle, but gice it the appenrance of being atroni^lj' nuirked at 
intervals hy black lines. The transverse strife in many of thfae 
paraUelopiped» ere only indicated by the presence of fine granules 
Arranged in a more or less decidedly parallel diri^etion. Soma 
of these Btronglf granulated fibre* appear as if they had been 
eroded on iheir longer sides ; hut there is Tiever any appearance of 
ihc bundle being divided Longitudinally. The substance of the 
fibres is rendered intensely vellowby an aqueous solution of iodine, 
ind the addition of water cause it to Bwell to a trifling extent only. 
Nuclei and sarcf>lenima can only t>e recognised at occa^iiinal spnts> 
and for the moat part after the addition of iodine- {F. P. L5, F.3#) 

In cotic^dTatcd nitric acid the priroitivo bundles dissolve into 
jrellowish parallelopipeds with n sharply detined tranaverae stria- 
lion, after an inten'al of time varying from one to ten hours. 
The bundles are cleft only in a, transverse direction, eicinbiting 
larger or smaller openings between the stnce, in the same manner as 
when they are exposed to the action of concentrated hydrochloric 
add ; that is to sa^, two adjacent transverse discs are more sepnrated 
from one another at one point than at another, and are only partly 
in contact. At iioroc of the amaller sections of the bundles, all the 
transverse discs diverge from one side in a brush or tuft-like 
manner. There is never any trace of longitudinal striation. 
(F, R15, F, 2.) 

Very dduie nitric acid cxcrU the same action as dilute hydro- 
chlorie aeid- 

lv\ conctnfruled gtifphwic acid, the muscular fibres, after from 
ten to thirty hours^ action, arc resolved into a reddish purple 
visdd fluid, in which, at a first glance through tlie microscope, we 
can only perceive Longer or shorter Slftments; a mare accurate 
ozami nation, honevcr, sbons that they are very thin lione- 
aHaped or fusiform plates. The red colour disappears on the 
addition of water, when a greyish yellow co^ulum is deposited, 
irhich appears perfectly amorphousj a.i seen under the microscope, 
exhibiting merely granular jmtchea, in the same manner as we 
cununocily observe with the coagulated protein -bodies, 

Sulphuric acid, when somewhat diluted, exerts precisely the 
same action as concentrated hydrochloric acid^ bringing the trans- 
verse striffi very distinctly into view. The longitudinal stris 
which Mulder and Dondcrs saw in these coses, I could scarcely 
recogniac with any degree of diatinctneaa even after the prolonged 
action of this acid. 
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SO TIIAKSTBRSBLT STRIPED UUBCULAR nBBES. 

Very ctllut^ siilphurio nckt acxs in the same manner at 
nclrli nr e:cLreiTioly dilul^ hydruchlonc acid. 

A corountrated solation of ehrGtnic aHd causes the irmvcul&r 
Hhrca to bo resolved^ at^cr prolon^^ed cictiwi^into porallelopipeds of 
nn intense yelloxv colour^ some of wiiich [?ihibit a sharply detifie<i 
liiPig^itudiiitJ stnation witliouJ, any prrcT^ptilile transverse sLriff. 
whilst otliers are ch&rncteriaed by the moat beautiful and delicalc 
transvcTse striation. Both in the longitudinally and tranErerBely 
Hirijited pnrtiona we frequently find four, five, or even more trana- 
verse reuU muX clefts, but never auy cleav^e in ttie lungitudlual 
direction* Many of the fibres arc broken up irito irregular 6atcC3 ; 
hut the muscular fibres do not in any case appear to resolre them- 
selves into definitely formed morpliological elements^ The sareo- 
lenima is ^elatinima and finely granulated. 

When a nnuacular fibre has been cKposed to theprolonj^cdecti 
of a liftturated solution of bichromate ofpotuah, the transverse s 
BtHiirf sharply out, whilst the fibre corresponding to them is lorn 
at diScrcnt s^iots, or ejifoliated in the individual tranaveri^c stride. 

When small carefully prepared portions of muMlc are digested 
for a long time at a temperature of from 30^ to iU°j ina^utionof 
six parl^a of mtrtitf of potash in lijO ^Jiirta of waterj no suluticn of 
une or otlier uf the elementary ports of the muscular tissue can ^I^H 
ohserrcd. The transverse sbriation is generally visible in th^^ 
primitive bundles, while the longitudinal strize are rendered £ar 
more conapicuuus. 1 know of no menstruum which so dearly 
exhihits the lon^tudinol cleavage oi the muscular bundle pro^H 
jeeting From the sarcolerama. This projecting portion splits ii^| 
the form of a tuft into diverging, primitive lon;>itudinal fibres, 
which individually exhibit distinct transverse atrim. These, hoii^^_ 
ever, do nut exliibit tlie form of varicose dilatations of the fibril^H 
Imt present the appearance of clear and light 8pot9> which sue- 
eeed one another in a very regular manner, and have the same 
transverse dJatneter. The ^bres appear a;^ if composed of linesrly 
/arranged paratlclopipeds of translucent but not transparent su 
stance, [F. W 15, F. 4.) 

Pieces of muscle, when e:tposed for a prolonged period to the 
action of sub-iiUratt of tnercury {with the nitrite), arc converted^ 
into a violet coloured> hard brittle mass, which admits of being^ 
reduced to o nearly purple- coloured powder- When examined 
under the microscope, the muscular bundles appear in the form of 
pnle bluish red parallelopipeds, which exhibit the most delicate 
and sharply defined transverse striatioHi In thui sectioasj cut 
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^AOncwhat obliquely to the fixia of i]ie muscular bundle, we 
reoQftrk detached lameHce Brmnged upon one another in sucb a 
manner that Lhe muacular cylinder or bundle nppearit to consist of 
plates or discs superimposed on one another, Tlie sarcolemma, 
which we wm often distinctly recognise here, remains aa (ree from 
culour a* the interspersed connective tissue. 

A nioderateJy dilute aolution of varb\ittaCe ofpoiash renders the 
muflcles hard and ngid, as was eapccially shown by Virchow* On 
making a microscopical examination of muscle that has been 
hardened in this mannerj the bundles are observed to be some- 
what swollen, presenting no appearance of Inngitudinal fitriffi ; tlie 
tionsTerae strife are 6ue and shaTply defined ; tlie cut surfacea of 
the bandies are generally ven' distinct^ but wherevpr the prepa- 
ration has been torn or pressed in its adaptation for microacopieal 
piirposeSj the cstreniitica exhibit exfoliated and partly somewhat 
recurred iamellffii but I have never succeeded in obtaining the 
round laminoe in the isolated state in which Bownian has obtained 
bis discs [aSj at least, would appear from his diagrams]. Pieces 
fret^uentLy presented themselv^es resembling sections of concentri- 
cally arranged circles; the lamella! were m some cases ouly faintly 
graniihited on their broad sLirfaceSj in others sharply puTietated. 
The aarcolemma was indistinct ; no nuclei were risible. 

After the prolonged action (varying from eii,'ht to seventy-two 
hours) of an tstremely dilute golution of soda (ocnsiGtin" of one part 
of the alkali in ^500 parts of water), the muscle was reduced to a 
thoroughly gelatinous massj the primitive bundles were for the 
most part dissolved, and those which were not thoroughly dissolved 
exhibited a faint longitudinal striation^ caused by the regular 
deposition of granules in rows, so that the whole resembled tuber- 
culous, stringy^ bronchial mucus, which, on the addition of water^ 
frequently exhibits a siniilar appearance of granules, arranged so 
as to inutatc hbrc^^ There was not a trace of nuclei, or of trana- 
ytne or longitudinal stnation. Here and there were remarked 
empty portions of sareolemma, which appeared either perfeptly 
Jiyaline or faintly grnnulated, and bore a close resemblance to the 
hyaline cylinders in the urine in Bright'a disease, which eorrca- 
nohd to the tnefubrario propria of the tubes of Dellini. It is 
worthy of notice that these cylinders of sarcolemma have generally 
■ muoh smaller diameter than the original primitive bundles, 
vhich furnishes a proof of the great eloatieity of the sarcolemma, 
and of its close approximaliun in its normal state to the cylindrical 
bundles of fibrils. The elements of the perimysium admit, moreover, 
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of Wiijg nioftl admirably brought into view by the adjon of ndJlo^^ 

aolution of soda. ^| 

A concentrated tolvticn of pot nth causes the primitive UundW 
to swell artd hecome transparent, rendering the frtLniveni? ^triation 
leM distinct* Its prolonged action caosra the diMntegTation of the 
biindka into parallclopipeds, and renders the transverse stria; 1cm 
diatinctj and only to be detected by the appearance of pamlh 
raws of granulea; here aitd there longitudinal striie may be 
which, in conjunction with the granules of the transverse sl<««, 
form necklftco-likc filaments, such as Mulder and Uonders have 
already noticed, Nurlei are not aiwajs to be observed^ or ia 
every hind of fleah ; but wherever they occur, they are observed ^^ 
bo m;ich HWoUen, rather oval than f^uifornif and granulated. d^| 
tho addition of water everything is dissolved, with the exception of 
portions of the sErcoleinma, which are reduced in their txan^^ 
verse diameter^ and the nuclear fibres. ^| 

When a very dilute solution of potash or aoda ia allowed lo 
flow orer a fresh preparation under the microscope, the muscular 
bundles become much awollen, the transverse striation diaappeat^l 
a partly fiUmontona and partly granukr mass projects From th^^ 
ftbrcolennnia, whilst, as KoUiker observed, the nuclei are simul- 
uneously brought into view. The nuclei commonly swell very 
considerably, become roundish, gradually lose their clear outJin^^ 
and finally altogether diaappear. ^M 

An uqueous foiution of iodine imparts an intense yellow colour 
to the primitive bundles, and more frequently causes the longi; 
tudinal strico to appear than any other reagent; it does nt 
however, cause the tranvcrsc strite wholly to disappear, but oi 
renders them somewhat less distinct* 

Fragmenta of muscle which have been repeatedly washed with 
distilled watrr, and exposed to strong pressure, either entirely loa^g 
their transverse striaticn, or show only faint indicaXions of i^| 
whilst the longitudinai striation ia peculiarly visible* If these 
muscular bundles^ after being rinsed with water, are treated with a 
vary concentrated aalution of chhride qf caicium, the transverse 
stris are often brought very prominently into view ; the primitii 
bundles increase transversely ; the terminal surfaces of the toi 
primitive bundles are very irregular, and do not correspond either 
with th*i transverse or the longitudinal slriations; moat of them 
have a iligitel form with convex ends, as if the soft mass of the 
fibrils hod been compressed by the swelling of the sarcolemma, 
and had some^vhat protruded from it. The sarcolemma and nui 
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ran seldom be dearly dlstingiiialied- A saturated solution of car- 
bonate of potuAh acts upon the mncorRted muscles very much in 
the same manner as ohloride of calcium ; the individual bundles 
liave a veiy sharply defined outline, and are enlarged transversely ; 
the longitudinal stn&tion almoat wholly disfLj>pears, and Icavcs the 
transverse striatton so »harp]y defined as to make the dark atriio 
)ip[}esr much thicker than the lighter ones- Coneenlrated nitru' 
an rf certainly causes the transverse stride in the macerated prhiil- 
tive bundles to reappear ; the dimcn&iona of the latter arc consi- 
derably diminished transversely. 

Diivie hydTGchioric aridf such as tliat employed hy Liebi^* 
for the extraction of muacle-fihrin {1 p,m> H CI), causes the sar- 
colemmo to come prominently into view, Fieeca of muscle which 
bare been thus treeted show an Amount of eonneetive tissue, and 
more especially of nuclear fibres^ far escecding what one would 
upect to meet with, judging from the ordinary modes of examining 
musGuUr tissue. As has already been obHervedj the individual 
portions of sarcotemma bear a strong resemblance to the cylinders 
in tbc urine in Bright's disease ; they have a much smaller diameter 
than the primitive bundles which they surround. The smaller 
portions of sarcolemma are entirely empty^ and are simply inter- 
spersed here and there with granules of various sizes. In the 
longer pieces of sarcolemma tlie nuclei appear irregularly disposed, 
near and amongst one another, and, in addition to tlie nuclei 
and granules, there appear at intervals Ixidies similar to masses 
of fat, sometiines resembling the pulp which protrudes frani the 
nervous fibres, or at other times appearing as very small granular 
cells. The true membrane of the sarcolemma is extremely hyaline, 
and can generally be only clearly made out by the aid of verj' 
gootl illumination and simultaneous shading witli the diaphragm. 
When tliese preparations arc acted upon by a saturated solution of 
car&onftte of soday the nuclei arid a portion of the granules dis- 
appear, and the sarcolemma becomes almost more hyaline- Coft- 
tvnfraied nitric acid also causes the nuclei to disEj*|>ear, but coluurs 
the sarcolemma yelloiv, whilst the connective tissue remains 
uncoloured. This diflference of colour ia rendered very conspi- 
moos on saturating the acid with potash. Cftrojuic add also 
imparls to the aarrolemma a ver)~ beautiful yeAlow colour^ ^^bllst, at 
tite same time, it contracta it to so great a degree that the diameter 
is scarcely one-third or one-fourth of that of the original primitive 
bundle ; the nuclei disappear entirely. On adding n very ditvie 
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soUiSifm nffndtt in the fibres which have been treated with dilntr^ 

hydrticliloric ncid, die nuclei swell in tlie ^arcolemma from wtiirh 
tbe fibrils have bceti tliua rcraoTed, and very Kipidly disappear; 
the very hyHline sarcolemma continves to cKhibtt a fairtly granu^ 
Inied apiieanmce- ^H 

These micro-cheniiirfti investigations show that tbe three mor- 
phological elements which wc diatingubh in the primitive bundli 
of muscle differ chemically from one another, constituting res] 
tively the true sub3*tJinee of the fibrils, the subaUnce of tJie nuch 
AJid the aareolemnia* 

The cbemicnl properties of the aubstancc of the fihrib ('- 
tOTiin) hnve been already glariced. at in p. 68 ^and will be fcrthi 
considered in the Appendix to tliis volumej, Tlie micro-cbemicAl 
in;'c»t lotions nlrendy rinde on tbe aubatance which niay l>c 
eKtmcted from the muscles with dilute hydrochloric acid^ lend us 
to concor in Liehig'a view of this being the matrii of true mus- 
cular fibre. We have already observed that the primitive bundles 
of muscle, even when they have been digested for a prolooged 
perioil in a flolutior of nitre at a tcmpemture of 30* or 40*^, do not 
etbihit any change under (he microsrupe which csn justify ns in 
iK-lievin^ that there la the slightest partial solution of the finest 
muscular fibrils. ^^ 

As, however, these cKperiments were mostly made with th^ 
flesh of DScn and oalvei, nnd n* the fibrin of the blood of oxen is, 
as is well known, nearly insoluble in a solution of nitrtj whilst 
that of ether Qnimals is diasolvcd very readily after a short d)gc^_ 
tirm (see vol. i, p. 351), the precaution was taken to select swino^J 
fle^b, which was freed aa far as possible of its fal (the blnod-fihnTi 
of the pig being very readily soluble in a solution of nitre), 
after cutting it into very fine pieces, to rinse it with distilled 
until the fluid that was pressed out of it eT^hibited no traces 
albumen. After this mass had been freed as fsr as possible from 
soluble protein -bodies J it was digested for two or three days in 
solution of nitre, of the atrcngth already specified; but there 
no trace of any dissolved protein -substance which was eiti 
congulahle by heat, or precipitnble by acetic acid or any other 
reagent. The ^yntoiiin contained naturally In the muscular fibrils 
19, therefore, quite aa insoluble in a solution of nitre as that which 
ia artificially obtained from the muscles by means of hydrochloric 
acid J &c. 

We are led lo cuitclude from the micro-clieniical reagents alretidy 
indicated^ that the substance of the nuciH inclosed in the sarco- 
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Trmnia does nut differ very much (rum syntoniii. It is dissolved 
viith ueurlj' equal rapidity by dilute alkalies; it swells in ooncen- 

THkCed alkalies, dissolving very rapidly when water is added. It 
belkHves in pret'L'iely the satne iiifiiMier aa tLe substance of the 
fihiila tov^atda conccjitrated ai^ida, as, for iiislance, nitric acitl, A 
diti'crcnce is observed in the case of acetic acid, atid of th@ mineral 
acids, when eitreraeJy diluted i for, altliough these rengcnta render 
tlie nuclei more distinct, tlicyeierta certmti amount of solvent 
action upon tbem; the nuclei wholly disappearing after a pro- 

Ji>ti(;ed dii^estion in dilute acidsj leaving oidy &ome fine molecules, 

P9u<^H prohaUj; consist, for the most part, of fat. 

Wc may readily convince ourselves that the dots or granules 
fiuble in the sarcolemma which has been emptied by &cida or 
alkalies, conust for the most part of fat^ either by repeatedly 
ihaking with ether the remains of muscular Jibrcs that huv't; Ix^tin 
treated with a dilute solution of soda« or^jelterbtill, by repeatedly 
boiling them in alcohol ; for we cun not only reeogiiiiie the presence 
of fat in the etber or alcohol, but fewer clots and grarmles can be 
detected under the microscope in the less granulated sarco- 
lemma* 

KoLliker* and Scherer have demonstrated that the sareokmma 
does not consist of connective tissue, and that it yields gelatin on 
iMuling; and thi» view is confirmed by the above-mentioned micro- 
chemical reactions, which show moat obviously that its cljcniicol 
substratum has uo athiiity whatever to prole in- hodiea. If we bear 
LD tuind that neithi?r acids nor alkalies cause the sarcolemma Co 
lone ils elasticity, which, as in the case of elastic tissue, resi^^ts 
blikc the action of alcohol and boiling, we shall be led to concur in 
Kollikcr's opinion, that the sarcoLcmma contaiuB a substratum 
analogous to the clastic tissue; hut it is by no meanu easy to deter- 
mine whether, hke elastic tissue, it acquires a yellow colour from 
the action of concentrated nitric acid* KolUker was unahle to 
produce wiy yellow colour in the sarcolemmo of the AioLotl by 
meanfl of nitric acid. As may be inferred from the above -described 
micro-^themical relations of nitric acid towards the muscular fihre, 
tlie sarcolemiBa cannot be isolated and distinguished in the flesb 
of the higher animals; but the yellow colour produci-d in the 
elastic tissue by nitric acid is not so distinctly visible on a micro- 
■eopic!al examination ha iu the protein-like tissues, and on that 
unt the microscope can afford no reliable information in 
ercncc to this point ; when it occurs on a large tcule, the tlaatic 
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t]K<ii« is rertninly roluiired yellow by nitric ftdd (especuliy on Uie^ 
addition of poljish), and this is al^o the case in tbc cmptT sbefttha 
which remain after the repeated treatment of mnscular Ijbre with 
a dilute solutioQ of soda, and a thorough rinainie with ^ater; bq^_ 
we are yet without any condusive proof tliat these tiuuea vc^H 
wholly free from &il protein-hke subsCnncci when they were 
labmittcd to the action of 4he nitric acidj ond it would be 
tremdy difficult to prove that such was the case. 

We have ulready frequently referred to Liebig's admii 
ini^eatigation of the fluids contained in the fleah ; these rescwxhe* 
have not only tended materially to elucidate a very obscure sd^H 
joct of inquiry, bat have alsc thrown considerable light on neari^* 
all departments of phyniolugieal cTiemistry. We have now merely 
to oonwdcr generally the cornposilicn of tiic juice extracted from 
the «trij>ed rousclee, and to enlarge somewhat more fully up^^ 
certain points of diaeiission which had before been only ineidenta^H 
touched upon. 

The freshly exprcnaed muscular juice is gcneraliy of a whitiah 
colour, rind turbid or opalescent from the presence of suspended 
fat ; it reddens litmiis paper very strongly, and forms on boiling & 
considerable coo^ulum ; acetic neid, moreover^ gives rise to a 
turbidity, which depends upon the presence of caaein in the fluid, 
as 1 have satisfied myself by the application of rennet, Sic. As 
the true muscular juice eannoi of course be obtained without the 
admixture of the transudation entering into ihe connective tissue, 
luid of the blood contained in the vessels of the muscular S4^^ 
BtancCj a very great part of the albumen may be derived from tfa^| 
source ; Imt the amount present is too large to be referrible to this 
only, more especially as we have met with it in coiisiderahle 
almndancc in comparatively non-vascular tissues provided with 
smooth muscleB, as, for instance, in the middle coat of the ajleries. 
The casein muift^ however, be derived solely from the true mus- 
cular juice, ainccj as we have already shown in vol, i, p. 38!, its 
presence cannot be demonstrated wilJi certainty in the blood. We 
have already spoken at length, in vol i, pp. 136, 141, 222, and 98, 
of the occurrence of creaiine, creatinine , inonc add^ and lactic aek^M 
in the muscuhir juice, " 

Scherer* has discovered a special substance In the decoction of 
the flesh of the heart of the os, to which he has applied the term 
iatmite* [See note to voh i, p. 281 (on inotUe) in the Appendix^ 

^0. B. VJ] fl 



Aaiu dn Ch* u, Pharvx Dd» 73> B. 330-304. 



THE MUSCU^R JUJGE. 



67 



Sctiercr* has alao described several volatile acids, belonging lo 
tJic group C^H^.jOj + UOj wiiich be found m tJie muscular juice ; 
arnui>g?rt tLese, BCttic and formic acids were canspicuoua. 

It tuu generally been assumed that tlie muscles derived their 
colour from the «;oantity of blood contained in themj but we 
incline rather to KoUiJcer'at view^ thai there i» a special colouring 
matter in t}je ntusdes. This pigment is very stmihur to that of the 
blood« It assumes a brighter red tint in the iur, and is rendered 
daritet by sulphuretted hydrogen; it may be extracted by water, 
and coagulates with the albumen of the muscular juice. Tliese 
properties might di^poae the chemist to regard the pigment of the 
muacic as identical with the colouring matter of the blood; but 
ccrfain physiological grounds indicate that this pigment is not 
coutajjied in vessels and blood-corpuscles^ but adheres in a free 
state to the fibrils; the muscles retain their colour during vital 
contraction ; colourless muscles are frequently aa rich in blood- 
Teasels aa those which are strongly coloured j and a yellow colour 
may sometimes even be distinctly detected under the microscope 
b particulnr bundles. 

The inorganic couatiluenta are of considerable importance in 
the muscular juicej as well as in every other fluid; and we are 
in^bted to Liebig^ foi the light which he has thrown on this sub- 
ject Ijy his carefully conducted observations. The inorganic, tike 
the organic substances, must be regarded as sometliing beyond 
mere iocidental constituents of the muscular juice. This fluid) 
|]k€ most acid fluids, is rich in potash galti and phasphaiesr hut 
jioor in salts of soda and chlorides- It wouh] ap]>ear, From 
numerous determinations of Liebig, tbat the relation of potash to 
soda in the blood of certain animals, on the one hondj and in the 
muscular juice of the same animals on the other, is about as fol- 
lowB ; in the ash of lioth fluids there occufj for 100 parts of soda. 

Id the ben 40-S of potuh la the blood, vaA :{fll in the muBcaTar juice. 
» ox &-D ,, „ 370 „ 

„ loTfto 06 „ , SCfi „ 

» fo* — , „ au a 

» P'i<e — „ „ 4D7 „ 



It must be bonie in mind that the muscular juice can never be 
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o1>tain^il free from hlood and transudations, and tliat^ cam 
quently, the proponion of s^da in (be muB<^lar juice would 
even smaller if we eo\i\6 in any wsy exclude the fidmi^ture 
of hlood. 

A dmilar consideration presents itaelf to our notice when wc 
pToeeftd to catirnate thequ.intitr of phosphoric acid in the muacular 
juice. R, Weber* found from 4i to 4711 of phosphoric acid in the 
ash of horses' flesh, and nbout ^^ in that of the semoi of the 
hlood of the same animal. The phosphoric acid in the muscular 
juice is principaU^ combined with potash, and only slightly srilh 
lime and msgneaift. Chevreul found that the ash, yielded by a 
decoction of desh, contained filg of salts soluble in water, au^_ 
R, Weber has more recently eatimated tlieir amount at from 79 I^H 
S0[{. Liebi^ found in the anh of the muscular juice of oKCn, 
horsesj foxes, and deer^ bibasic and tribasie alkaline phosphatea, 
and in that of hens a Etmall quantity of inoaobasic alkaline phov* 
phatc, in addition to the bihasic. The aah contains, therefore, in 
every case, more phosphoric acid than ia required for the forma- 
tion of the neutral phospliates of the alkalies. The conclusion ^iJ^ 
which we are led, that the muscular juice, when fre^ih, contahjs acio^ 
phosphates of tlic alkalies, gains confirmation from the fact that a 
larj^'e quantity of free lactic aeid is contained in the fresh juice* 
We shall consider more fullj% under the head of the '^Metamoi 
phosesof Animal Matter," the interesting views advanced by Liel 
in connccJion with these relations. 

R. W^ebcr never found more than 7K ^^ chloride of sodium 
the ash of the muscular juice of the horse, but nearly as much as 
7-^^ in that of the hlood-serum of the same animal. 

The alkaline sulphates occur only in mere traces in the m 
cular Guid, and Liebig refers these salts to the admixture of bloi 

Whilst the phosphote of Um^ is present in the blood in 
larger quantities tlian the pht/itphate of tnagneaia, the reverse holds 
good in the muscular juice ; in the muscular juice of the hen, for 
instance, according to Liebigj the ratio between these salts of lime 
and magnesia ifl a» 10: 39"2; and R- Weber found a similar ratio in 
the afth of horses* deah. 

Schlossbergerf and ron Bibra4 ^^o have made cornparat 
analyses of the Hcsh of different animals, have obtained the aai 
results as Beraelius and Liebig for the amount of itvmcidaT fib\ 

•Pofig, Ann. Bd. 71,8.01-115. 
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in thi? flesh of mammals and birds, vii., from 15'fi to 16'73 » i" ^^^ 
taait of youog aoimab, tbe numbers were somcnlut 1e»s; in tlie 
flefib of reptiles and fiahes, they were from 9'^ to 13^QJ. 

Tbe substance of the vessels and nerves, as well as th« nuclear 
fibres of die connective tissuf* and the Harcolemma, are naturally 
mixed With tlie muacjlar iibre in these dereruLiiiJitiona. 

The question bcre arises whether we mav, or may not, regard the 
protein-flubstancc ejitracted from the desh by means of water con- 
Uuniiig JiydrochlorK^ at-id, as true musi^vjlar libre ; that is to say, as 
ihc cylindrical muscular bundka ttluch are enclosed in the sarco- 
leranta. Accor<^ng to Liebig,* this aolvcTit extracts very dif- 
ferent (Quantities of this protein^ substance from the flesh of dif- 
ferent animcils; thusj for iTistaneej the muscukr fibres of tbe ox 
and tbe ben are almost entirely dissolved; a greater amount of 
substance remains from the fiesh of shcep^ and far more than half in 
the case of ealves' flesh- We liave already seen that by treating the 
flesh with aeidl6ed water the sarc^olemma is perfectly emptied, with 
tke exception of nuclei and granules, and a few small clots ; hence, as 
Liebig'a experiments ore perfectly correct (aa any one iray nsceitain 
by repenting them), it follows that calves^ flesh contains relatively 
less fib re- substance (synLoniu), and rehiLively more cojinectire 
tissue, than tbe other kinds of desh which were examined ; as, for 
iDstancCt that of oxen. This observation is furtlier corroborated 
by A simple microscopical comparison of the primitive bundles of 
masde in the in and the calf, Dondcrst noticed (he strikii>g dif- 
ference of diameter in the primitive bundles of the cow and the 
catf, and he is of opinion that the number of the bundles remains 
tbe same during the growth of tlie calf; in which case, the fibre- 
substance {syntonin) would alone increase during the growtii of 
the animal^ whilst the sarcolemnia and connective tissue remained 
the same. It may be assumed that the diameter of the primitive 
buttdlea of the calf is from J to f smalliT than that of the 
primitive bundles of tbe full-grown ox. If the number of the 
bundles remains the samCf and if the aarcolcmina and connective 
tissue do not increase WLth the growth of the muscle, it Incomes 
a tiiathemntica! necessity that less muscle-fibrin (syntonin) admits 
of being eSLtracted from the flesh k}( calves than from that of oxen. 
There can be no doubt, from the micro' chemical reactions already 
indicated, that the protein -substanee which can be CKtracted by 

■ Ann, d Cb. u, Phanu, Dd. 7ft. 8. IM. 

t Italder'v Ven, ciner phyHiol. Cbem, B- CHI, Anin, [or En^tUh Truxl 
p. tie, DDta-l 
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p. 135, and this being done, the inostc acid must be separated 11 
the maimer dcacnbcd tn v<tL i, p. 222, via- ; — hy adding alcohol 
to thd mother-liquid of the ereatine. About 5 times the Tolume of 
apiril should then be added to the mnther-lic^uid of the inosates of^ 
potash and baryta, on which the fluid separates into two larera, th^H 
upper one of which contains lactate, acetate and hutyrate of potasH 
and cre^tintne. In order to separate the latter substaneej we treat 
this lighter fluid with ether, on which it A^in separates into tw1^| 
layers, the upper one of which contwiis nearly pure creatinines^ 
which cryHtallisea on the evaporation of tiic ether, Tlic lactic 
acid and ihe above-described volatile acids of the heavier layer are 
separated acixinling to the usual metbcxis. In the heavier stj 
turn of the mother-Liquid of the itiosatea which is formed 
the actioTi of the spirit, the main contents, in addition to the extrat 
rive matters, are irtosite and chloride of potassium. It is easy 
obtain CTidcnce of the presence of creatinine in fresii mi 
juice by Liebig's method of boiling the solid residue of the mother-' 
liquid of the inosates in spirit of wine, and adding chloride of tin e 
to the spirituous fluid, wliioh causes the compound of chloride oAH 
ainc and creatine to separate in a trystalline form. ^^ 

The esamination of the parts which are insoluble in water does 
not call for any additional remarks^ aa it has been alresdy noticed 
in detail in the preceding pages ; in geiiemlf however, the mode of 
investigation corresponds with that which has been described for 
the orgfinii^ museLcs. ^M 

If we inquire whether the chemical iovcsrigations of the mu»^l 
cular substance which have been hitherto made, throw any light on 
the nature of its functions* we find that very little information has 
beer gained which can either afford support to any of the esi&ting 
hj-polhesea, or can surest new ones. By proceeding with the 
greatest caution by the metliod of inductioii, we arrive at the fol«^H 
lowing conclusion: — ^| 

The protein-substance, which can be extracted from the mua^ 
cular fibrils by extremely dilute hydrochloric acid, is the most^— 
easential element of animal motion ; it is one and. the same in th^H 
striped muscular fibres, in the smooth muscles, and in the tissues 
which were formerly termed contractile. It is, however. pecuUar^^ 
to those organs whose movements are dependent on the nervuu^H 
system. We are unable to explain on chemical grounds the maa-> 
ner in which this substance alters its physical properties during the 
contractions of the tissues. 

The voluntary and involuntary muscles contain moreover 
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fiuid Burrounding and 7>«rmeat]jig the aboye-dcacribcd malm of 
ibe contractile fibreB, whicli is distinguished by its acidity^ and 
differs entirely from tha pWma of the blood. I^ebig1iASca1(?ulat«d 
ih&t the voluntary muscles alone contain mort than sufficient free 
ACid completely to destroy the alkaUnity of the blood. Wo have 
already seen that wherever contractile fibres or fibre-ceHa are pre- 
lentj the poLash-s^ilts and phosphates predominate in this ilnid, 
whiUt tbe blood -plasma, on the contrary, is poor in these salts, 
but rich in alkaline chlorides and soda -salts. The dilTerenco 
thus observable in the iniercellukr duid of the blood-cella Bud 
diat of Uie contractile frbrea cannot be merely accidental ; and 
Liebig has suggested that it very probably cither occaaiona, or is 
occasioned by an electrical current. We know, however, that 
Du Boia Reymond * has subsequently arrived at many novel views, 
and obtained some brilliant results relating to the electrical phe- 
Tiometia of muscular contraction, in repealing the observations of 
Matteucct. The existence of an intimate connection between the 
development of electricity arcompanying muscular contractions 
uid tlie acid of the muscular juice on the one hand, and the alkali 
of the blood on the other, and the importance of tlic chemical con- 
stitution of the muscular juice on the function of tbe organ, are 
corroboTfited by the striking and well-known fact, that all muscle^a, 
whether voluntary or involuntary (both the strij^d and the 
smooth) lose their contractility very rapidly in water. (Liukewarm 
water at + 37*^ scarcely acts less rapidly on this property of mus- 
cles than cold water.) The experiment of the younger Liebig!" 
seems opposed to this Dbacrvation, which may be tested by any 
one who watches by means of a rotatory apparatus the contraction 
of the transversely striated muscles ofa recently killed aiumal, or ita 
stomaclij intestinal canal, bladder, 8tc. Thift observer found that 
mAiades, which had been freed as thoroughly as possible from 
blood by the injection of water into the vessels, retained their con- 
tractile property as long as those muscles which still contained 
blood- These two observations do not, however, involve a contra- 
diction ; for if the niu^ides do not lose their contractility in the 
kbsence of blood, but do bo on the addition of water, it simply 
fthowB that the muscle loses its capacity for contraction by the 
dilution of the muscular juice. If, therefore, we connect the 
develiopment of electricity during muscular contraction with chemi- 
cal forces, we shall £nd that the causes of the phenomena of polarity 

• fTntm. fib, tbier. ElektricitaU BerL lB4a u. 1849. 

t B«r. der Akad. d. Wisafmsch. m Berlin, L«fiO, B. 339-347- 
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depend less upon the ant^oiiiflni of alkali and acid than on lliat 
UiG solid muscular fibrils (syntonin) arid the muscular juice. 

Alihorjgh we j^urpose at a future pnge reverting to the mi 
eating observtitiatis uf the youttger Liehig, we cannot abstain frui 
tnaking a fevr remarks in reUtion to them in the present pi 
It ^Duld appear from these experimeDtH that muscle is dependent 
on OKj'geji to enahle it to contract; for Liebig found that frogs* 
muscles retained their contiaclility much longer in an aimnsphere 
of oifygen than in air which did not contain oxygen, as, for inaUncCt 
in carbonic acid, nitrogen, or hydrogen. It \raa further shottii by 
two carefully conducted esperimenta that, whilst flie musck ia in 
a aUte of contraction, oxygen la absorbed, and a corresponding 
quantity of carbonic acid ia exhaled, — facts which confirm the pre- 
viously advanced propoaitiortj thai a large portion of the carbonic 
acid formed in the unimul liody is generHled not in the cnpillarieBj^_ 
but in the pareuchytna of tlie organs, and is especially producc^^ 
by muaculnr action. Wo need scarcely remark that the results o#^ 
these observations are of the highest iro[rortance in relation to the 
theory of tnetamorphosis of mHtter^ whilst they nflbrd powerfi 
3upj>urt to tJie pnreiy physical hypothesis of the elder Liebig 
relation to tliis subject. 




NURVBS AND BraIN^ 



The nervous system and the brain contain nerve-fihrca 
nerve-oelU as their speciHl and peculiar morphological const! tuentii' 

The nerve-fihre.3 or tubes which are distributed throughout the 
peiipheriLl nerves, the spinal cord^ the brain, and the ^iingtia, do 
nut all present the same appearance, when seen under the nucro^_ 
scope; hence the nerve-fibres have been divided into two kind^H 
namely, ihe thicker (animjtij eerebro -spiral), and the more delicate 
(sympathetic, vegetative, organic) ; there is no ramification obscr- 
rable in either of these classes of tibres, except at their extreme 
terminations. 

T^^e thicker nerve-fibres form cylindrical filaments, varyii 
from 0"OO4 to O'OlO" in diameter; they occur especially in 
nerves springing from the spinal cord, but they arc also met mttf 
in other parts of the nervous aysiem. When these nerve-fibres 
are eiamhied iLndar the microscope in a perfectly fresh state, 
especially after the addition of a little aibuuien, they appt 
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tntir^ly finmngeneous ard trsTisparenl, exIiUntinE a sharply de- 
fined contour. But after lying for seme lime or Itnving come in 
cooUct wuii water, they exhibit a douWe contour, resembling 
broAcl d&rk bards, with a. cle&r stripe running down the middle 
This peculiarity, together with the size of their diameterj especially 
distinguishes them from the so-caJled sympathetic fibres. Distinct 
morphological elenienta may be recognised in each of these dbrea^ 
«ndj iii the first place, we must riistmguiah between the coat or 
itheath and the contents. 

Tlie coat or limitary membrane of the nerie-tuhea can scarcely 
be recognised in Vicry recent nerves, for this membrane is an 
entirely structureless, transparent, somewhat elcstic membrane, 
vhieb can only be rendered visible by the application of certain 
demioa] reagents which we ahall presently mention. 

The substance contained in the nerve-tubes (the nerve-medulla 
or pvilp) appear at first, as vc have already observed, to be 
perfectly homogeneous, whence it has been a^^sumed by many 
observers to be an entirely homo^eneousj closely mixed matter- 
It 13 quite immaterial to oar purpose^ whether we admit the cor- 
rectncsa of this view, or adopt the opinion held by others, that ibc 
subsequently visible separation of the medulla into a cortical 
snbstflnce and a cylindrical axis-fibre, exists pre-formed in fresb 
nerves ; but, judging from a chemical point of Tiew, we are com- 
pelled to assume the most decided morphological acporation. 
Thus, the application of cold, or the addition of water, or of certain 
chemical agents ^ves rise to a kind of coagulation in the medulla, 
CHuaing the outermost layer of the contents nf the [iervc-tub(fs to 
become darker, somewhat ^umous^ or even granular; whilst in 
the interior, that is to say, in the long axis of the nerve-fibre, there 
remain* a clear, somewhat sharply defined filiform stripe — the 
central or BJiia-fibrCj or aiis-cylinder. The actual medullary 
Aubatance, or nerve-pulp, assumes very different forms when 
Bubjected to rough pressure, appearing in different cases in 
nodular, cylindrical, or elavate shapes rs it protrudes from the 
sheath p Within the tabes the subslJince is frequently accumulated 
in an Jrre^lar manner, distending the sheath unequally at difTcrcnt 
points, which gives rise to those varicose nerve-fihrea which we so 
frequently meet with in examining the brain. 

The finer or sympathetic nerve-fibres have a diameter varying 
between 0'(X)212 and 0'00300"', These fibres bear less resem- 
blance to tubes tbim to solid cylinders, and have gencrolly no 
trace of any contents. They occur principally in the sympathetic, 
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fi^rmiiig bundles of a unmcwhat bfuiRh grey ctilour, whilst th 
cereljro-spiniU fibres apptar white and of a silvery lustre. Tljey 
ore, however, found interspersed in varit>U3 quantities in all other 
nerves, more especially in those of the involurtnry muscles, the 
»tin, and the mucous memhrauea {Bidder nrid Volkmann*), ard 
lastly in the posterior roolj^ of the spinal nerves and in thtjse uf 
tlie sensitive cranial nerves (K6Uikcr)t- It is only in the peri- 
pheral OKtremities of the cerebro-apinal nerves that the animal 
fibres become so attenuated that they resemble in their diameter 
and general appearance the above-desrinbexl sympathetic fibres- 
These nerve-Bbres arc also inclosed in a sheath, which camot 
always be distinctly recognised, even after the application of 
chemical reagents; on the other hand, the aTia-eylinder may be 
very easily brought into view in these nerves by chemical mea 
which we shall notice more particularly in a future page. 

Non-e-fibres containing no medulla have been detected 
R. Wagner, Remakj Bowman, Kolliker, and other hisCologists, in 
the pale fibres of the Pacinian corpuscles, in the extremilJeA of the 
olfactory nerves, in the nerves of the cornea, in the electrical 
organ of the Torpedo and Ray (where there is an octunl rAtnificn^l 
tion of the fibres), and in the extremities of the nerves of the sldfll 
of the mouse. These fibres appear from the observations hitherto 
made in relation to this subject^ to consist only of a sheath and an 
axis-cylinder. 

Another class of nervous fibres has been assumed to exia^H 
namely, Remak's fibresj in which nuclei may be detected, mor^^ 
Especially after the addition of acetic acid ; but it has not yet been 
decided whether these elements which have been observed in t 
gnnglia of the sympathetic, he, are true nerve-fibresj or merely 
peculiar form of connective tissue. 

Larger or smaller bundles of nerve-fibres are surrounded by a 
fibrous, strongly glistening, whitCj dense membrane, called 
neurolemma. It appears on a closer examination to consist 
different forms of connective rissue, with which are interspe 
numerous elastic fibres. 

The Pacinian bodies form a very singular appendage to th^| 
nervc-fibrea> These bodies, which are present in very largo numbers 
in the hands and feet of man and many carnivorous animals, and 
in the mesentery of the cat, are oval, consist (somewhat like onJoni^fl 

" Di? bcllMtfllandigkeLl dos ayinpiLllutchfln NerrenB^ilemB, Leipzig, 1B43, 
t SellaCDifmdigkeJt und Abhangigkcit d« aympalhiBcheD Ncrvensyalem^ 
ZQrcb, 1844. 
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uf tifmrly concer>bic me mbruic«, m^mmm from OS t» }ir% lad 
a nerre-&brQ tenninfttes in e«cli of tltcn« TWtc lunualnc Mcs»- 
hfiii«< ftre compoaed of cofir^ectiTe ttvn^ mmI bccnfs the ckhCs 
tfure is a seraiis ^ItJid, which eoUeclB in tsTgrr qaatkitt to tfe 
uiiDV, long, centiBl space of these IWbu4ii bo fe* . Eftdk of 
lliOK norpnsdes i» attached Ui the nerve to »lm^ il betongi bf 
nifluit of a ahon pedicle, wKicb is tw ined hf kj«n of tbe cmmmp- 
the tivsue of the bodies, and bv ibe nmrolennnn; llutn^ thu 
pedide &□ ftrtimal i>efTe-fil>ie pnxxeda fmni the n<rr«, nod cxtoi^ 
ing to the centnd cavitf of the corpuscle, Jiaiinid>o nptdkf wilil 
it resembles the axis-t^linder. It tnreties tbtt Mrrov oeptml 
tpicc, %sidr after spliliing into tvo or tbrre ptft>* temnantes 
UpprRitr tt> point of entrance in fine uoJolea. 

In tlie nervous system, aod nior« cspecullf in the eeatf«l 
o^ans frH the hrain, the «pinAl cord, ^rxl the ^jin^lia of ibe tplsai 
nenes and of the irtn pathetic, there ocevr, in additkin la the 
Sbm. peouViar celts, termed the nenre-eelU, (accewrf corpnKlcBa 
t>r gftji^lionic globules), Thrse bodies ve true cdbt conMims of 
« invovting membrane, % nudeua vith one or Bor« nucleoli, and 
toft oortentA interspersed vitb mokeoJai gmnnleai The v»e <pf 
thr^e neni'-ivllH is as various as the diameter of ifae iKr*«-tttW% 
ami tbey m&y be divided into Ui^ and sinali, as vc dtride the 
Acrve-tobea into thick and thin. The smaUer nerve^iUa oecnr 
pnnei|haUy in the gar.^lia of the kympathetie, and fhe Ufg ir oae* i« 
rompany with the double-out) ineil fihrei of the rcrehro-spuul 
neryoiis system; bat thin rule ir^ nut »LLbuat many cxccptiocn. 
The diameter of ihc larger nerve-<>eila is about fK>6 ot (K)r, 
«bUst that of tho smaller ceJU U frequently not more tlwn OiXiS 
orO-fHJtl' (Kolliker). 

Tbeae cells r^ry in furm no less Clian in size, Ifgc, abnoal 
spherical or oval oells fjccur pnndpally in the i^rcr substance of 
the bmin ai^d spinol t^ord- FuMform^ trapeaoidaJ, iTTCgQlarK tri- 
angular nerTe-cclls^ pro\']ded with numerous, and often ranti^in^ 
pfoocaaext aWund iti the grey substanee of tbe central organa, 
W* fiod in the gnn^ha of the sympathetic scarcely any cdla which 
have not one or tv'« pale processes. Many of the nerte-fibrrs 
take tlveir origin frarn these cells, and we often see one, stid not 
unfrec|Dcntly tH'n Tibres proceeding from a single cell. 

The ncrro-cells arc covered extcrnallv by a structureless mem- 
bnme, uhich i« in fti^me cases cxtrerncly thin and scarcely vtnible, 
and in nthem somewhat thicker and easy of ree'i]:;iiil i«i). The 
uella which ha^e tliin wnlU occur mora e»4j>eciallv in the t^ntral 
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orgaxis, wlkiUt those having thicker wells ere Almost limits to ll 
ganglia. 'Vhe investing menxbrnne of the latter ia very elastic, ta 
that the cells, wtlhout being; laeeratedj admit nf being roiTipres<ieil 
and eK|)an{?eil, resuming their former shnpe wben the pressure i* 
reiuovcd. The processes, like the axia-fibrea, arc remarkable for 
their elasticity (R. Wogncr^ Kolliker], 

The nuclei, whitih geiierelly" occupy the centre of the cells, ai 
fur the most part spheneal or oval, have sharply defined outlines, 
and contain clear fat-llkc matters, amongst which one, or even tv-g 
roundish or elongated nucteoli may in general be dtsting;uJ3hed> 
Tlie size of the nucld varies frnm 0*0015 to 0'008% whilst tl^l 
nucleoli measure from O-0«iO5 to O-OOtia'" (KOlliker). ^ 

In addition to the nuclei tlie nerve-ccUa contain a tough, aemi- 
fliiid masA, which is either colnurleas, or of a faint yellow buc^ and 
holds in suspension finer or coarser granules. In some cases, and 
more especially in the gtt^llate* cells of the spinal cord, this dark 
granular mass is collected into various groups or masae?^, whil 
olher portions of the cells appear to he less ^mrulari 

We see from this short description of the morphological coi 
stlnients of the nervous system, that we have to take into con* 
sideration in the chemical invcatigntion oF the nervous mass 
numcroua subalances, whose difference is made apparent by their 
variety of form. We will now consider somewhat more minutely 
the alterations effected on the above -described morphological 
etejnents by tlie action of various chemical rengents, and then 
endeavour to give a more general representation of the obcmic^^ 
constitution of nervous matter, ^U 

We have alrea<ly observed that pure fiuiter efTecta a change oit 
fresb nerves which have Ijeen removed from animals immediatel'^^ 
after they had been killed. The contents of the nerve-tubes pajl 
into a state resembling that of coagulation, which causca %ht 
double contour nf the cerebro-apinal nerves to appear more dis- 
tinct, and a coarsely grairular mass to separate itsdf from the 
periphery towards the centre, whilst in the centre itself there 
rem&ina sn irregularly twisted in tea tine- like stripe of a ligbt or 
pale reddish colour- The nerve-celh are scarcely altered by 
action of water, or, Qt all events, no allcrdtion can be delinil 
recognised in any part of tlie celb [F. P» 15, P. 5.) 

Cold atcohoii since it abstracts water from the nervous nr\d 
cerebral matter, renders these parts harder and almost briitle, but it 

* [The tennB catnlait and attlltue liave b«cD i^iplicd lo Ihne ceUi, acrmrdii 
u lliP}' hftT» anp DT Be vpml of the procp^i or pralongiLiiani. — a, r. r>,J 
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^vea rise to very few visible alterations in the micruncopicui 
chaTai:ter» uf the iiervoua substance. Hot, or more correctly 
ftpeakirtg, boiling alcohol beliaves ditTerently ; for> aa we miglit 
assume n priarif it coa^yilatG^ ihe CKni^\i\iih]e |mrls of the nervefi, 
and Ui?»solTes the mt and the sciUs of the fatty acida. When tlie 
nen'e-tibres are boiled m alcohol the nerve-aheath cxUibita a 
iharptr outline^ appearing at ditf^rent points as a apecial mem- 
brane ^ distinct from iLe granular ci>iitei»U. The contents have tlie 
appearance of Icaa dark tuid ieaa well detiued granules, and are 
generally LraiislLicent and fiomewhat faintly dcliiicd- The oxia- 
c\-linder often stands cut very well in some ftbrea, although a 
careful preparaliun and some minotes' boiling are necessary to 
exhibit thl* clcariy. The nerve-cells are but slightly altered by 
boiling with alcohol, the change Uicy undergo being for the moat 
part limited to an appearance of slighter granulation. The alcohol 
in which the nervous matter has been boiled exhibit* on cooling 
white tiakc»j Mhich appear, when iiccn under the microscope^ to b« 
ocitlicr crystalline nor of the nodular furni common to the fat of 
the nerves, but to consist of a confused mass ol tine molecular 
gninoles- (it P- 15, F, G.) 

Cold and hot etfter behave towards the nervous elements in 
much the same manner &h alcohol, &nd like ttie latter^ render 
large pieces of nervous substance somewhat harder. When 
examined under die uiicrohcope the double Cfmtour of the cere- 
bro-spinal nerves b found to disappear under the prolonged 
action of ether, whilst the sheath appears more distinct at certain 
points, and studdedj as \t were^ with granules in many parts. The 
granular contents are rendered considerably paler, whilst here and 
there the a\is-cylinder ia flceu paler, and like a twiated thread. 
The action of ether un the nerve-cells is as slight as that of alcohol. 
The ether in which the Jierve-6bres have been digested deposLteo 
4iti cniporation white granules^ which appear, when seen under Uie 
icTOseupe, to consist of crystals nf margaric acid and nodular 
masses of brain fat- 
Dilute acetic acid produces no marked alteration in the aioe- 
phologLcal character of the nerve-tubes^ but when this acid is uied 
m a highly concentrated state, the nerve-tibres after its proloLjged 
action acquire a sharply defined outline* Although the inntr 
contour becomes some^'hat distorted after boilings tlie uhealh 
becOEDea di&tinctly visible at certain points on the cut Kurfaces nf 
tlie nerve-tilires; between the inner contours lliere leinniiis a 
nrileil, often jfalc reddish stripe; thin, very jjale threads fie<LUently 
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project from the pxtremJtica of the torn tierve-fibren ; they cj 

often be traced fur some distnfioe alonij Oie uninjured nerve- 
tul>e, anil ure unqueslif^iablv axis-cylindeis. ICiilliker has noticed 
the diflicuh)' and f^lowne&» with which these £lamcnta di»3olvc 
even on bein^ boiled with coiicoTitrated Eioctic aciri- When con- 
reiitrated acetic acid \& added ij a nerve-Sbre whilst under the 
M L fcrosmpr, the nerve h seen tit retract irkKlantaneuusly, whilst tii^_ 
^rauolar nerve-piilp and very pale fibres, which are tvideiit^H 
the u\i?i-cylinder, project from the cut ends (KiilUker), The bne 
nerve-iibres of tiie sympathetic system also swell in ncetic sdd^ 
their coritetits become grumous, whilst &t different spots an axi^H 
cybiider l>ecomeft visible under favourable circumstances. Besides 
these bbrcs we may frequently diacover the |)ale nucleated bbrea 
of Ucnintc; we must, however, be careful not to confound theni 
wil.li the fil)rcs of connective tissue, which alsu eshifjit many 
tiarrow nuclei in the cerebro- spinal nerves on the addition of 
acetic auid. [K i\ 15, P. 6.} ^ 

It will be found that the behaviour of the nerve-cells toward^ 
acetic acid precisely accords with the account given by Koliiker. 
Tfre inilividual parts of the cell generally become sumewtiat more 
visildc iTi dilotc acid; the cell-membrane exhibits a more distinct^ 
L^untour, the contents of the cells hecome more granular and oftQ^f 
more turbid, but notwithsinnding this Uie nneleiia rotunfrequer^Ty 
iLppcars distinctly vij^ible. Concentrated acetic acid, after pro^- 
lon^d action or on the &]>pLicstioti of heat, causes the ee^H 
mcmhruites to swell till at kngth they become wholly invisible, 
Tlie j^raniilar contents are diasolved, with the eiception of the 
darker granules, whicli occur in some of the cells; and even 
nuclei, which at first come more diatinctly into view, fii 
disappcEir. 

Very dilute hydtochloric acid (1 part in 12,560 parls of wat 
causes ihe rerve-fibre to swell, and renders the contents far moi 
transparent. The sepftrate fibres cithibit beautiful, sharply defined 
double contours; between which there remains in the middle a 
perfectly transparent, tolerably broad space, which appears almoa^^ 
empty. Neither nerve-sheath nor axis-cyltnder can anywhere ^H 
distinctly recogmaed. The delicate fibres of the sympathetic are 
not visibly altered in this very dilute solution of the acid, but the 
nuclei cf Remak's Rbres, as well as those of the connective tia«ue, 
are brought more prominently to view. 

There n very little jdl.eniliun perceptible in th^ nerve-cells, 
even ttfler a very prolonged action of this suluiiuii of the acid; 
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at most tlie mcnibrajie is rendered somewliat more hyaline and tbe 
contcnta rather more grumous. 

Concentrated hydrochloric aclU docs not bring into view the 
mdiFidufll mnrphrilogical elements either in the fibres or the cells; 
but converts the whole into a pultaceaux mass qF smaller or larger 
strongly graikutatcd dark clot^, which, although most commonly 
TOQQdishj may asfiime the most varied and capricious forms. If 
any remuns of nerve^fibres ^re present, they are found to be very 
much thickened^ the dark clots are perfectly LAolaCed and arranged 
onl}' in one dircctiorij and no trace of a ikcrve-sheath is perceptible. 
When fi freshly prepared microscopical preparation is treated witli 
concentrated hydroehloric acid, the individual nerve-fibrea diminish 
in lengtli, but increase to an extraordinary degree in breadth ; the 
nerve-pulp becomes cooraely granulw and darkf whilst from the 
cut extremities nodular or coarsely granular maasea protrude, and 
moftt distinctly bring into view the coiled roundi&h tlj reads or axis- 
cylinders- In ibis way more frequently tlian by any other method 
of exhibiting tlie axis-cylinder, 1 have heen able to see the sheath 
and nerve-palp dissolve in the middle of a fibre, leaving only the 
&:£is-cyhnder, which at these points might be traced in both 
directions through the comparatively uninjured nerve-fibre. The 
peculiar property of concejitnvted hydrocliloric acid in simulta- 
neously thickening and shortening the nerve-fibre is beautifully 
illustrated in small bundles of nervous fibres, which are surrounded 
by the neuTolemma, The latter varies in e^tpansihility according to 
iheainouiit of connective or elastic fibres which it contains. When, 
therefore, the nerve-tubes which it encloses are much swollen, 
several protuberant dilatations and corresponding constrictions 
appear in one and the same bundle. Tlie fibres projecting from 
the neurolemma at the extremities of the bundles diverge in a 
brasb-llke form, whilst the nerve-pulp protrudes from the cut 
extremities of the fibres, giving to the whole a bouquet- like 
appearance. 

When fresh nerve-fibres are allowed to remain for some time 
immersed in concentrated niti-ic acid, the whole muss becomes 
inter*ely yellow and very friable or soft. On observing under the 
microscope the direct action of nitric acid^ we find that the indi- 
vidual fibres are thickened and shortened as in the case of concen- 
trated hydrochloric acid, although hi a less degree. The double 
contours cease to be recognisable in fibres which have been treated 
for a longer period with nitric acid^ the whole contents of the 
nerves appear coarsely granulated, and we can perceive no light 
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iriterspa^^ or bright central *tripe; the nerve-nihes are generallj 
found to have become thinner ralher thjin thicker, and the nerre- 
Bheivth L-ah scarcely be recognised with certainty. It is seltiom, 
however> that a microscopicaJ preparation of this kind is thoroughly 
eKamined without our detecting some nerve-fibres with the axis- 
cylincler must disliiirlly projecting from one extremity like tl 
wick from a taper- Frequently, indeed, mk or more of tiiesc tapci 
like nerve-tubes may be seen, the projecting axis- cylinders of whic 
exhibit a distinct yellow colour ; these have fre quit tidy an undulal 
ing outline when they project to any great di<itance, and in fHJi 
rarer cases have aa intestine-like coiled appearance. If fibres, 
which have been treated with nitric aid^ are boiled -Aith absolute 
alcohol, they become very hyaline^ and their outlines grow less 
dintiiict, although the yellow transparent nerve-sheath may atill 1^4^| 
detected at diftercnt spots, whilst the interior exhibits a fain^* 
granulation, the colour of which cannot, however, be determined 
with certainty- The axla-cylindera are oft^n thus seen moi 
distinctly than by the mere application of nitric acid. (F. P. l^^F. G. 

If wc boil teased (or unraTeLled] nerres with alcohol and ethi 
and after the removal of these fluids uJlow them to remain for some' 
tinne in concentrated nitric acid, the nerve- sheath, as Kolliker bas 
already observed, is brought into view^ exhibiting faint granules 
and very beautiful, often detached asis-cyllnders. Under favour- 
able conditions there is scarcely any means by which the sheath 
and ax Js-ey Under can be more beautifully e:cbi1>ited. 

The first effect of cfincentrated nitric acid uixm the nerve-eel 
iato render the cell- walls more distinct, and thecontenta moregri 
utar; the cell-mcmbrane, however, soon disappears, and we can per- 
ceive onlythe nucleus inadditiontoa confluent granular pulpy maai«^ 
When the grey uubstance of the brain has been immersed for anj^f 
length of time in concentrated nitric aeid, itotbing cau be recog- 
nised in addition to the elements of the fibres, excepting nuclei^ 
and nucleoli, which are the sole remnants of the nerve^cells. ^H 

Concentrated sulphuric acid (the third hydrate) foims a fine 
purplish red or violet fluid, after remaining for sometime in con- 
tact with the nerve-flbres. The colour resembles that which app^ 
in Pettenkofer's bile-test- The addition of sugar is not neces! 
for the production of this colour. The separTite nerve-fibres 
bihit a very beautiful violet tint when seen under the microscope; 
the ncrve-shcathf which is found to swell m a gelatinous manner 
when sulphuric acid is added to a fresh preparationj is rendered 
entirely invisible in this case* The nerve-pulp is converted inj 
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Ui uncomnionly tine granular Indistinct body, and it is only in rare 
ctseSf A\lhu\ig\\ flien witli ex^trpme difltiiictnf as, that th<.' uxis^t^ylin* 
den can be recognised in the individual fragments of uervea. 
The fluid containing ^arnilca and viscid globolcs/ and aur- 
rounding the partially undep^troyed nervcTj iii likewise uf a violet 
colour^ 

Chnjmic acif/, or a saturated solution of tbe bichromate of potash, 
wbeu decomposed with s bttle sulphuric acid, contracts the trnna- 
verse diameter of the nen'e-ti bres, and imparts to them an intense 
yellow cobur. After the nerve-fibres have been immersed foi- a 
considerable time in this Quid, they appear somenhat narro^^er, but 
sharply defined (the double contoura of the animal nerve-fibres 
Btrcj hon-everj no longer visible) ; the ncrvc-pulp becomes more 
coarsely granular and renders tbe fibres opaque, ao that the aitis- 
cylinder cao no longer be seen witliin them. The contracting 
action of this reagent on the abcath is very beautifully aud dis- 
tinctly shown; we observe at ditferent spots irregular, nudular, 
hut most commonly roundish drops of nerve-fat protruding from 
it. When the action of Uie chromic acid is not too strong, the 
shenth exhibiU rent^, from which the viscid nerve-putp exudes^ 
and this appearance is so clearly defined tliat it is impossible to 
TCfer It to any deception. The sheath is completely burst or 
destroyed at dilTerent |ioinl3, and die ii«rve-pnip diffused through 
the fiuid, so that nothing but the pale-coloured, sharply outlined 
filiform aiis-cyhndcr remains visible, whilat in other nerve-tubea 
the transition of the cylinder into slightly altered fibres may be 
diHtinctly i.ra*^ed. With the exception of the following reagent 
there is nothing wbich cahibits the morphological constituents of 
the nerve-tubes more distinctly than chromic acid. 

This acid causes the nerve-cells in Jiome degree to contract, and 
gEner&lly renders their outlines more distinct. The conLeiiCs sre 
scarcely rendered more grumous than they previously werc< whilst 
there ia no important difference to be perceived eitlicr in the 
nueleus or the nucleolus. The cerebral and the ganglionic masses 
mre moreover hardened by the action of chromic acid. 

An a^ueouff sottLliun uf utdinc (or what is better)^ iodine in a 
solution of hydnodic acid, colours the nerves yellow, and leaves 
-Hie fibres tolerably coherent, so that they may be very easily pre- 
pared for microscopical investigation^ and traced into the individual 
filaaienta. After the prolonged action of the above-named duid 
each individual ntrvc-tube at^quircs a pale \ciIow appearance, and 
becomes broader^ sho^^ing a tolerably disUutA contour (the animal 
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fibres without double contours) -, the sheath can be rea<lily recog^^ 
niaed at individual points; the ^umous^ but -very finely gmnula^H 
pulp appears to till the whole cylinder, althuugh by a |)ruper mude 
of arrangement the axis-cylinder may be traced vitli the ^reatcst^ 
di3tmctue» within ihc nerve-fibre, folbwing a straight rather tha^H 
a coiled direetioii. If the preijnratiijn has been very thoroughly 
uiirftvelled, the axis-cylinder may often he seen protruding from 
Xfith to Jth of a line beyond one of the uninjured nerve -iibren, 
being generally straight or slightly bciit* rounded, and of a fain| 
yellow colour; but occasionaUy presenting a somewhat coih 
uppearance. 

The aqueous solution of iodine acts upon the nerve-cells li 
nearJy the same manner as upon the 6bres. 

Milhn^a reagent (aubnitrnte of mercury with nitrous acid) rei 
ders portions of nerve bard and tough^ snd gives them a.n intern 
purple colour. The individual bundles do not admit readily 
being separated into fibres- Under t]»e micrcaeope the ncrve- 
sheikth exhibits a shiirp oalliiie \ the pulp is not so coarsely ^ranU" 
br as after the application of cliromic acid, itor so delicate as aft 
the action of hydriodic acid. The granules render the whole nerv< 
tube very dark, aud prevent the recognition of the aiia-cylind* 
In prcparationsoblaincdby unravelling or teasing, we see,howev* 
o number of axis-cylinders either isolated or projecting in a vei 
twisted form from a portion of undestroyed nerve-fibre. Tin 
microjicope scarcely showfi any trace of ciflour in the individual 
ner\'c-fibrcs, or, at most exhibits only a yellowish, and not a violet^ 
colour. ^^ 

A golution of corrosive sublimate^ which is especially recom- 
mended hy Purkinje for llie eichibition of the axis-cylindera acta 
independently of the coloration in very nearly the same maDne^H 
aa nubnitrate of mercury; but the use of this reagent scarcel)^ 
facilitates the detection of the axis-cylinder within the uninjured 
nerve-tube more than the preceding lluid. ^M 

The grey cerebral substance, and the sympathetic ganglia^ 
harden when immersed in aolutiona of these two metallic salta- 
The nerx-e-cells slightly shrivel, and the cell-membrane is ratJier 
more distinct : tiie contents become more grumoua and untrans- 
parent, ao thut the nuclei cannot easily be detected, and tlie nucleoli 
only with great difficulty. 

A very concentrated solution of chloride qf cfxiciurn randi 
small nerve-bundles somewhat traiks[mrent, but at the same lini 
extremely tough and cUsticg so that it is only with great care thj 
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we cun ahtain even & moderately good preparation, in coni^equeiice 
of the extreme difficulty of aeparatiiig l\\e fibres. When viewed 
under the microacopc the isolated nerve-fibrea ap[iear coiled in an 
intestine- like manner and somewhat distended, tlie nheath cannot 
teadil? be distinsuis'ied, and the pulp is converted into a somewhat 
coarsely granular matter, showing no distinct central fibres ; it is 
Ditly at particular points that a portion of the axis-cylinder may he 
seen projecting from the extremity of a fibre like the wiek from 
the end of s. csndle^ 

VVIien immersed in a concentrated solution of eardontite <^ 
jtotaahi tlie nerve-tubes swell somewhat up* and seem partially 
twi>led^ the nerve-sheath heiii^ unequally extended, so that the, 
tube resembles the colon in furm< The individual dOatationa are 
not sharply separated from each other, but on the whole the con- 
tcnt:^ are rather clear and trauslueent than granular; the axis- 
cylinder and sheath cannot be recognised. Some light rouiLdiah 
fibments may be seen at the eKtremitiea of individual nerve-tibres 
which bear an extraordinary resenihtance to aKi«- cylinders, although 
it is nut very certain that tliey niay nut lie due to the connective 
tissue, which frequently i^ivea riae to precisely Jfiniilar 5Iametits. 
In our description of the above experimcLits we have therefore 
only designated these fiUments as azia-cylifiders in those cases in 
which their form and position showed they could be nothing else, 
Objective certainty was unattainable in regard to these filaments, 
^though it seems in the highest degree probable that the axis- 
cylinder remains uninjured in carbonate of potash. 

Virchow* hrst notit^d that the hubsUnce of the nerves become* 
hardened in solutions of carbonate of potash ; the fact, observed 
by my friend Ed. Weber, i» espcdally worthy of notice, that the 
course of the fibres may be traced in an cjctremely beautiful 
jiiaimer in tlie brain and spinal eord, when they have been pre- 
TJOUxly treated with a solution of this salt. 

The nerve-cells are also but slightly altered in form in solutions 
uf carb*jriate of potash. 

If prepared nerves are fulTered to be immersed for any lengili 
of lime in a dit^t soiuiion of loda, the seijarate fibres appear to 
become more faintly granulated, somewhat contracted in their 
diameter, and no axis-cylinder can be detected; the double eon- 
tours of the cerebro-spinal libreN are also no longer visible. But 
when A dilute solution of soda is added to a fresh preparation whilst 
under tlie microscopcj the sheath contraetB^ i^^ was observed by 

• Z«iUGk. L nt. Med, Ud 4^ S. SJC- 1 
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oba^rvntiotis, of a fllructurcleas, aomcv'hnt clastic membrane, whi< 
t\oes not swell in a gelatinous- like manner in aeetic acid, i< not 
djsaolved either by Imiling cr by treatment with tlilnte alkalies, 
and cannot, therefure, at all events, consist of pure connective 
tissue. It dissolves cojnpletely in concentrated acetic ncid, aa 
well as in solutions of potash and so4a after prolonged digestion 
nr lioiling, and likewise in cancertmted sulphuric acid, hut does 
not dissolve in concentrated iiiti'ic acid, which appears to impart 
n yellow culonr to the empty sheaths, although it cannot be dL^H 
tinctly determined by the microscope whether this pale yeUoi^| 
colour proceeds from the sheath itself or from the small quantity 
of albuminous matter rcEnuining in the jjartially eniplied nerve^ 
fibre. Wc Ere thus led to the hypothesis advanced by Mulder* 
and Knlliker,+ that the sheath of the nerve-tibre consisla of a 
suhatance not unlike elastic tissue, from which it, however, diflbrs 
by its Holubility m boiling acetic acid, and by its greater solubility 
in n solution of potash, it is very analogous to the substance of 
the sheath of the primitive bundles of muscles^ hut resembles a truo 
protein-<iubstanee much more nearly than does the elastic tissue, 
T\]f QTis-ajliTtdfr consists, according to all the ahove-nientioin 
rcnctionsi of a protcin-subistnnce which presents many reaen^' 
bUncca to the substance of the muscular tibrils (syntonin\ 
althongh it ia certainly not identieal with it. The substratum oIh 
ihe axis-cylinder shou^ itself to l>e a protein-aubslaiite Ijy iv| 
behaviour towards acetic acid and very dilute hydrochloric acid» 
townrds ddiitc and concentrated alkahne solutions, towards coneen-^— 
trated nitric acid and potash, as well as towards coneentrared^l 
sulpliuri(^ acid. Thi.s substance differs frum ordinary blood-fibrin 
by the difliculty with which it dissolves iu acetic acid, and by ita 
perfect insolubility in carbonate of potash, as well as in a soludo^H 
of nitre after a prolonged digestion at a temperature of 30"^; and it 
ia distingui-shed from muscle-fibrin (syntonin) by its insolubility in 
dihite hydrochloric acid, and by the difficulty with which it dii 
fiolvcfi in acetic acid. It is scarcely possible to confound it wil 
the substratum of any other elementary tissue. The subsCratui 
of elaiiLic tissue is perfectly insoluble in dilute alkalies and in acetii 
acid. Moreover, the substance of the axis-cylinder cannot 
composed of E:elatigenou3 connective tissue; for, independently 
the above- described liehavioiir towards acids and alliolies, W iindcr- 
goe* no change whatever when boiled with water. Least of 

• Vert, riner phyaiol. Cbeoiio, S. fiBfi [or EugluJi Tnu»latioii, p. 002|, 
t Hikroslc AnKt. Bd. t, 8. 3^7. 
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eon\d we have cxpecte<t that any one ahtiuld regflrd »hc o^nsi- 
cyluider as composed of fat, or at all events, of a very fattv sub- 
stance, as Mulder and Donder;^ have ac:ti.ial]y done. The eon- 
Btarttly recurring cylindncal form which is observe:! on the 
application of the very different reagents which have been men- 
tioned, the great coherence, the eUnricity and sharp outline of the 
axis-cylinder, its complete msolubility in boiling alcohol imti ether, 
it9 continuous TJatbility on the application of reagents which eicpe] 
and dissolve the fat from the nerve-tjbes, Dnd, lostlyj the entire 
absence of experimental evidence that a fat can under any circtim- 
sCanees he mnverted into a consistent and resistent filament, 
incUoe us to believe that Mulder's assertion must be ascribed 
either fo a simple error of memory or to a iopsus calami i for» 
althotigh we may not be able to prove definitively that the aifia- 
cylinder ia wholly free from fat, the above reactions appear to 
show beyond a doubt that it consists essentially of a protdn-likfr 
body, and that the fat which is so abundant in the nerves is prin- 
cipally, and in all probability, entirely accumulated in the nerve- 
polp, Kfiiliker has been led to advocate this view from his 
iuTcatigations rc^gnrdin^ the aTis-cylindcr. 

The fntdtiUa or neruc-putp appears, as we have already seen, lo 
be peffectly homogeneous in recent preparations of the nerves, and 
moreover so perfectly tran&parentj that we can scarcely conceive 
it to be anything more than a viscid emulsive tluid, althnntrh the 
^>ove indicated micro^chcmical reactions, and the behaviour of the 
nerve-pulp in water, and on esposure to cold, show, that in addi- 
tion to an abundant supply of fat^ it also Incloses a protein-sub- 
stance, permeated by aqueous moisture. I can hardly compare 
tbift protcin-'Sub stance to coagulated albumen, as some other 
obwervera have done, for albumen in a state of coagulation would 
eodily admit of heinj^ distin^ished under the microacope from fat, 
by the molecular form which it presenta ir this condition. It may 
very prolwibly be regarded as corresponding with soluble albumen or 
casein, for when chemists engaged in analyses of the cerebral sulj- 
stance epeali of coagulated albumen, they do not refer to the albu- 
men of the true nerve-pulp, but to the fibrin-like matter of the 
axis-cylinder- The albumiiiouj* substance oF the nerve-pulp is, how- 
ever, entirely different from the matter forming the axis cylinders- 
This substance is soluble In^ or rather, it may be extracted from 
the nerve-pulp hy a dilute solution of soda, and by acetic acid when 
not too much diluted ; so that after rejjeated rreatmcnt with hoiUng 
alcohol or clher, the nerves appear to be perfectly empty, with the 
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cx«j)tioTi of the flxiacjlinder. Wlicn nerve-fibres bave 
treatfti with alrvhol or ether, after hnving been exposed to 
ftftion of concentrated nitric add, or conversely vhen thoy have 
first been treated with nitric actdj and suhseqiientiy ^*ilh b fal-sol- 
vent, they atill exhibit finely granular yellow-coloured contenta, 
which can be nothing else than this protein-substance, which is 
now iiL a coagulated state, I have frequeritly been at great puns to 
a^cerrain the prenence of a protein -substance coagulahle by boiling 
or by acetic acid Vi ccrefiral matter ^^hkb had been cjitracted with 
water ; but from various causes, amongst which may be mentioned 
the emulsive form which tlie fluid constantly preaented^ the bloo^^f 
s«rnm which it always contained, and the power exerted by aceti^^ 
acid in decomposing the fatty matters, I was prevented from obtain- 
ing any undoubted result, Although it la very difficult to ohtam 
direct proof from nncroseopical obften'alions, or rather to form a 
judgment from them^ the descriptions of the alterations eiperienceri 
liythe nerve-pulp on the addition of different reagents (in becom- 
ing coarsely or 6nely granular or crystalline) seem to indicate tlia^_ 
the nerve-pulp contains a aolublc prot^Bin-subatance in tVH 
closest admixture with a fat dissolved by easily decomposable 
soaps, flnd that the visibility of the pulp is o^nngless to the ccagu- 
tation uf this albuminous body than to the separation of tlte fat 
from the decomposing aoaps and the albaminous substance* Ic 
might, indeed, be assumed from the alteration which h graduall' 
perceptible in the pulp of fresh nerves, on exposing them to 
action of the air, w^ater, or cold^ that a substance simitar to t] 
fibrin of the blood was in solution in the fresh nerve, and sub^ 
quentlv coagulated like blood-fibrin ; but repealed microacopico- 
mechanical investigation a of the nerve-fibre do not especially favou^_ 
this hypothesis, for the substjince which is separated has alwaj^f 
more or less the character of fat, but not that of fibres [like coagu- 
lating blood-fibrin), or that of the finest molecular granules (bk^^ 
other protein -bodies in coagulating). For even if we assume sucj^H 
a s[X}ntaneoiJS coagulation of the albiiniinoua substance of the 
nerve-pulp, the undfiubted separation of the fat would still remain 
unexplained, and wc should be compelled to have recourse to the 
preceding conjecture^ regarding the separation of the fat from the 
solution of the salts of the fatty acids. It ^eems to us, however, 
that Henle*** vicWj that the nerve-pulp is not an emulsion, but 
netual solution or mixture^ leaves no doubt in relation to tl 
question. 

* Allg, Anal. 8.024. 
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It may be observed that Bcmcc Jonca^ has made an elementary 
anaJysiK af die residuum which 'is left after boiling the brain ia 
alcohol, etljer, and water, and fojiid that its (xirn position wai the 
same as thnt of albumen. It ia scarcely necessary to remark that 
in the present atate of our knowledge, no conclu9:ons can be 
divliioed from auch analyses as these. 

Thefatgoi the nervous substance cari more readily be hub- 
naitted on a large scale to accurate clieinical investigation than any 
other constituents of the ncrvc^fibrcsj but this very circunistanco 
has thrown ejttraordinnry difficulties in the way of luqairera, which 
have been increased ^om the fact that the chemical inveT^tigatiou 
was not simultaneously associated with a careful microscopical 
examination of the matters that were being cheraicaUy treated. 
Whilst so difltirgaibhed a chemist an Couerbet has distinguished 
a number of indistinctly characterised fats, as a cephahtj cerebrol, 
tiearocffanotj eUhicrphot, &c., a no less distinguished cheniistj 
Frcmy4 arrived at very opposite results, which, although they threw 
considerable light on this question, did not by any means exhaust 
the subject in a chemical point of view. GobleVj^ as we have 
already ohser red, in vol. 5, p, 343, separated phosphate of glycerine 
from the brain-fat. The following facts are almost tlie only oiiea 
pOBsesaing any certainty which have been obtained Irom the investi- 
gations hitherto made in relation to these fats (which were nearly 
all Bitracted from the brain). According to FremVj boiling: atcohol 
will extract from tritumted cerebral mafter olein and oleic and 
roargaric acids, and fats which are combined in part with soda, 
potash, or lime; on then di|^estin£^ the residue with hot ether 
choleaterin and cerebric and oleophosphoric acids are obtained in 
solattoOi Tlie separation of these two groups i» not, however, so 
perfect as mi^ht have been supposed from the above remarks ; for 
a considerable amount of cerebric acid and cbolesterin passes into 
the alcoholic sedation, whilst oleic and margario acids are found in 
tJie ethereal solution, 

Fremy obtained the cerebric acid tolerably pure, by again stir- 
ring the ethereal extract of the brain wiili cold ether, from uUidi a 
white mass separated, which soon assumed a waity character after 
dccantation of the ether on exposure to the air. The fatty acid 
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was combmed fere wkh soda arid Lime ; thU soAp ^m next dis- 
iolvcd in boiling anhydrous alcohol, and decomposed wiih a fen- 
drops of sulphuric acid. After the sulphales (whieh contained a 
little coagulated albumen mixed with them) had been removed hj 
filtTBtJon, the liot solution wu allowed to cool ; from this Lite cei 
brie Bcid separated itself, mixed with a little oleophosphoHc ncii-, 
which latter substance was removed by means of eoLd ether, aixi 
the cerebric acid onee more ery^tnllised in hot ether. 

TbiK Kubntance, which Gobley thinks he has also found in thi 
fat of the jolk of egg« forms & glistenirg white powder^ which is 
insoiuhle in cold alcohol and ether, but dissolves in both upon 
boiling. The white granules swell in water. This acid combines 
with most baseit and fornm salts, which are perfectly insoluble iii 
W^ler. FreniT found in the dried baryta salt 7'dn of baryta; i^H 
100 ptirts of the acid, according to separate determinations, 66'7'^^ 
of carbon, lO-fi? of bydro^^en, 2-3;^ of nitrogetj, and finally 092 
of phosphorus- The quantity of o^vgen must, ihErefore, havt? 
amounted to about 19'5S, whilst the saturating capacity wsa oboo^— 
0^884. ^ 

Fremy's ok/>phofrjjfmHc add has been examined even leas 
nctrumtely tlian rerehric acid. He obtained it by treating th^^ 
ethcr'extract of the brain, from which the cerebric acid bv^H 
been deposited, with told ether. It remained combined with aod^ 
»fter the other had l>ecn removed by distillation, and presented the 
nppearanre nf a viscid masB_ It appears to be sepnrable from the 
Ijfwc by washing with a dilute acid. When isolnted, it forms a 
)'ellowiAh viscid mass, wbicb is inAammable, and leaves a bulky 
oarboimccotis residue, from whleh phasphorie acid may be extracted 
by u'ater; it is insoluble in water and in cold alcohol ^ but dis- 
nolvoH in hot alcohol as well as in enld aiid hot ether. If this add 
ih hoilcd wiih ntcobnlic solutions of mineral acids or alkalies it is 
dcconijHwud, dccnrdin^ to Fremy, into olcin, and oleic and pbo^^ 
ptioric addit. Although Chevreul conjectured that the brain-fi^| 
might hr a cumhiruLtion of oleiii and pliosphoric acid, such a 
decomposition of oleophosphorio acid is somewhat remarkable, 
OOrsidrrinK our present views of the decomposition of the fats ; and 
indeed, (Jobley believes that he has found that oleophosphorie 
add yields only oleic acid and phosphate of glycerine, and not olein, 
during the dcoompoaition which it undergoes duiing the putrefac- 
tion of the brain. This qiicstlan docs not, however, admit of ^h 
ready solution, since it is t-ery difBcult altogether to free the aul^l 
^stAHce which Fremy terms nleo phosphoric aeid from the oleln an^H 
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oerphric nHiJ n^fhcHng to it. We may, lio\^ever, readily convince 
iKir&elvea tlmt Frem^ was mistaken in bcEienn^ free ]ihusplu>ric 
Bcid to be formed, die substance being, &s Qobley has found, pbos- 
pbat£ of glycerine. 1 succeeded an one ocrB^ion in most unques- 
tionably demonstrating the presence of phospliate of glycerine in 
the moHs obtained from a very diffused yellow softening of the 
bmin,wbic)i, as Rokitansky has fthovn, contains a free ncid- Mure- 
over while Preray found from TiJ to 2'0j| of pbosplmric arid in bin 
oleopbo^tpboric acid, Gohley> on (iecooipoaing the name aeid by 
acidsand alkalies, always olitfuncd mar^aric acid in addition to oleic 
ftcid^ — s proof of the obscurity wbicb sliU envelopes the nbole sub- 
ject- It seems indeed to be proved^ from the obser^'Htions liitherto 
made in relation to tllia question^ that tbe elements of these Iwn 
kind% of cerebral fat^ ore very unstal^le, that ia to say, that 
tliey are extremely prone to numerous decompositions, and tbat 
they are mere admiKtures of substances of which the one mnj- have 
nerved the other aa a medium of solution or diatiibutioii. The 
presence of nitrogen in the cercbric acid, and Fremy's oascrlioii 
that albumen passes into the ethereal go lutionf are questions which, 
idngularly enough, have hithertrj failed to excite observers tn any 
more eiael inveatigations, allhough they are at variance with pre- 
existing obserration** and may very probably he of great aignili' 
eftrcc in reference to the function of the nen'ons system, which ia 
to immutably combined with its chemistry. 

The choleitterifi which occurs in tlie fat of the bruin is partly 
taken up by the alcoholic extracts, and partly dissolved by ether, 
tngrther with the cercbric and oleophosplione oiridK, whicli it ac- 
companies io all their solrentSi 

Tlie analyHPA iif so careful an observer as Fremy preclude the 
jtos^ibUity of doubting that pure olein is contained in brain-fat, 
atthongh we cannot consider it as demonstrated that tliis olcin 
is derived from the (so-called) oleophoaphoric ncid. 

The quantity of oleic and margnric acids obtained by Fremy 
on extracting the hrain-fat with alcoliol containing anamonia^ 
is very amalli When, as is often the cjtae, these fatty ncids arc 
found in considerable quantity in the brain, their presence may 
in Tvality be owing tn the facility with which the brain and its 
lata are decomposed. 

We know but little of the chemical composition of the mor]>bo- 
logicjil elements of the nerve-rell«T foi" ^1'^ micro- chemical leactiona 
alreaily ^iven lead us to very few conclu>jions on this point. Prom 
tbene obsprvntions it apjiears that the investing mcmbrflue of these 
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cells doea not *asUv dissolve in ncfrtic actd ond in alkalies, ftlthougP 
it cerUiirly rannut be regarded a* entirely insokble in ihem. U 
mvjt indeed, bear some resemblance to ayiitonin, for the cell-m 
brane i» insoluble in carbonbte of potasbt and, as we ba^c al 
$tfltedi tbe nervca harden in a solution of tbis saltn It ia crortb 
of notice in reference to this subject, that the grey, bigbJy eellu 
substance oi the central organs becomes more hardened than 
white. 

Tbe nuclei of the ncrre-cclls, like those of most other cells, 
rendered more distinctly visible by acids, whilst they dit^apiiear 
alkHlies, without, houever^ enabling na to form any exact idea 
tbeir chemical nature. 

It oppeara from the micro-cbemTcal reactions, which Iiavc 
previously described, that the setni-fluid granular contents of 
nerve-celk are much poorer in fat than the pulp of the nerve-tu 
fur after tbe apphcatlon of acetic or hydrorMoric acid, or other 
agents, we perceive a far smaller quantity of coarse granular fa 
mfittcr in thern than in the nerve-pulp. This observation wo 
appear to aet^uire corrolwration from the smalleT quantity of fat 
the grey than tbe white substance of tbe brain, providetl, indecdt 
that any definite conclusions can be drawn from analyses of entire 
portions of the brain. All analysts have found only very little fat 
in the grey substance, which is so rich in cells, whilst in tbe fibrous 
medullary substance there is at least four times as much fat pr^^ 
sent. As, moreoverf tbe contents of the nerve-cells Are not rei^H 
dcred much paler by the application of alcohol or ether, thciP 
frranular appearance must be owing lesa to fat than to other molo- 
eular matters, Tfiese granules must not, however, be confound^^f 
with tt:ose very dark granules, which are insoluble in caustic alk^ 
lifs, and which we chicHy aec in tbe ncrvc-cclls which uro either 
stellnte or provided with long proceaaes or prolongations. These 
consist of a substance which iastill chemically unknown to us^ but 
which is not very dissimilar to plgment-grBnulea. ll would appear, 
therefore, highly probable from the above observations, that the 
principal part of the contents of the ncrvo-cetis consists of a parlij^ 
dissolved^ and partly only swollen protein^substance. |H 

If wo now take a glance at the little that is known regarding 
the composition of the cerebral and nervous masses genemlly, th^^ 
following points present themselves to our notice ; we must, bov^f 
ever, bear in mind that tbe cerebral msss contain? a large numbe^^ 
of blood-vessels and, consequently, a ([uanlity of blood, which must 
not be included in the analysis. 
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Wp vpTP not in ];iia9e88ion of aiiy very carefullv conducted 
i'ivriiti,^BtioEia res(>cctiiig the amount of ivatrr and Jat present 
III ^Efferent parts of die brain, until the subject was recently 
ondcrtaken under Schlossberger's HciperiEiterdence by HuufT and 
Viltbcr,* and by von Bibra.t Thene invt^st'ig&liunH have l^d 
lotc»ult» which are on the whole of k Tciy conclusive and sccor* 
tetdivmcCer. It U perfectly eslablisbcd that the ^bite substance 
oltbe bnuD i» much poorer in iraterBiid richer in fat than the grey 
mi[t£r. With reference to individual portions of the hratri« tbe 
^uttitjty of water seeraa to atand in an inverse ratio to that uf tho 
Iku In the cortical substance of the hemispheres Hnitfl' and 
H'tllher found (root H5 to HS^ of vater, and only from 4'^ to 4-9% 
uF fat; and von Bibra from 84 to SH^ of uater^ and from 5-5 to 
^ of fat; whilat the former of these obDervers found 70'2S of 
liter, and from 14"5 to 15"S3 of fat in the white substance of the 
tDrpuH callosuDij the latter obtained from H3'5 to &J'2^ of water, 
nd From 20 to 2lgoffat. On comparing the quantity of fat and 
v«lcr fflund hy these analysts in the dificrent parts of the br^in, 
>*e &nd that it may be pre -determined with tolerable accuracy 
according to the relative amount of the white and grey lubstoncea. 
Th« same relaiion wa^ found to exist not only in man, but in all 
uiimaU tu nhich the britiu is sufficiently large to aJuut of iho 
aiLshsis of the separated grey and while matter for fat or water- 
Moreover La&saigne} had previously found that the grey substance 
W99 riHier ill water than tlie wliite, the former yielding 85"2J, and 
the Inlter only 73"0|J of water 

Von Bibra found that in man, aft in moat animals, the greatest 
^oantity of fat was deposited in tbe medulla oblongata. j 

VavKjuelin, as well as Fremy^ found that the whole brain {grey 
aad Mhile substAuce mixed) yielded with tolerable uiiifonuity SO^ 
of water and 5g of fat, whilst Denis found only alwut JQ or 7^^ of 
water, but aa much as 12 or 1^ of fat; von fiibra found on an 
aT«fage 7S<54^ of water and 14'43^ of fat- In animala the quan-> 
titi^ erf vrater and ^t Mere found to diiTcr consideralily. 

Bibra found from 1'5 to 1*1}J| of p/toAphoru^ in the brain-fat. 

Fremy found 7J| of aidumiaong matter in the brain; and 
l^m^§ae J'5 in the grey cerebral subntance, and 9 9^ in the white 
nihstanre. 

I^ssaigne, singularly enough, found only from 3'2 to il'3^ of 

^■^ Ccmpi-rcad. T. D. Mii^.Q! T. H. p. 70:). J 
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!»nlU in thi- l)ruiii of ail insane patient, >%]xibt> flcciirding to Vnu^ 

quelin ard Fremyj 6ff ia the smallest nomial quantity, 

Schloaal merger* lius recfiitly iniule the remarkable oliservaticioH 
on llic brain of a cbUd w'hich died at birth, that, in the 6rat place, 
the corpus calloaum in new-born infants is as rich in v'oter as the 
grty subfitance; further, that Ibe quantity of fat is nearly ibe 
S'ime at this age in the grey and white substance; and, finally, 
that the bnuLi of new-born infaDts is generally much richer in 
water and poorer in fat than the braid of adultSt 

Schlossber^'cr found that the quantity of water in the brsan (^^ 
the child referred to, varied only in different parts from &J'4 I^H 
89'6S, wljjlat the fat fluctuated between 4-5 and 3"9g. 

When we pauac to inquire whether any important conclusioii^^ 
can be deduced from the chemical investigations hitherto inBtitutfl^f 
in reference to the nervous mass, as tu any special function of ih^^ 
nervous system, we are obliged to admit the conijUeteinaufBcieney 
of our clieniical knowledge- But, however forcibly we may be 
compelled to admit the incapacity of chemical assistance to explain 
the ncHons of the nervous system, chemists will not suffer them- 
sdves [jn tliat aijcounl Ui be deterred from further investigations; 
for they must be well aware thai, without a careful examination of 
the chemical phenomena presenting themselvca in the nervous 
svstem, they can nerer succeed in tracing nervous action to detinlie 
physical laws. The very great significance of the asis-cyUnder di»^^ 
covered by Remake and termed by him " the primitive bandj" th^| 
important diacoveries oF Dubois regarding electric currents in the 
rcrveSf and the minute and ingenious physiological experiments on 
the different functions of the individual systems of nerve-fibres 
and cells, will not aJTord us uny deeper scientific taaigbt into the 
^'Cneral functions of thia most delicate of animal matters, or jusLif3r_ 
us in establishing definite laws, and not merely individual pro| 
sitions or rules, until we shall succeed in forming for ourselves 
me[itnl representation of the reciprocal actions of the cbeniit 
subatrota when the nervea are in a state of activity. If observers 
should ever succeed in detecting the presence in the nerves of a 
peculiar a'^ent, active only in living animals, or if the propagation 
of nerve-force, and the corresponding phcLiouiena of reflex action, 
irradiation, &C., should be found to depend upon electrical currcnl 
passing through cylinders endowed with more or lees tboroughl 
isolating walls^ chemistry must still be called to our aid if we wisJ 
to uljtaiu an exact physical explanation of such phenomena 
• Add. d. Ch* D. rhanu. Bd. 00,6. Uff-lSC. 
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Cti«!niUlry U too inuitiat^ly nasuciatecl vhh fill the must Lm|iurriiiit 
qvicstion^ conccrmng the theory oF the iiervea to l>e excluded from 
its just participation in the study of thut mc^t noble of dU {kniniol 
matters in vhich arc concentrated the highest vital functions. 
Ttie share taken by chemistry in the explanation of the functlotifl 
of the ner\~ous system is now so thoroughly and fuUy admitted 
that it ia unneceasary to ciklargc upon this point. In corres- 
pundeiice with the physical and phy Biological phenomena of the 
nerves, we £nd a substance accumulated in them which exhihita 
sucli mubility in referenee to its pruxinmte ronstituenta aa is 
not to be met with Ln any other organ of the animal body ; the 
ohemieal phenomena very probably, thereforej atand also here in 
the closest relation to the physical and physiological. Scarcely 
any one can entertain the idea that the nerves which (as Ludwig" 
hfts shown in Im admirable Memoir on the influence of the nerves 
\xpou the sajjvary accretion) co-operate directly in the elaboration 
of certain secretions from the blood, and influence their accelerated 
or niudilied separation, can control such functions without under- 
going ehemical change. The chemical substrata of the ner^c^s are 
conforntable to their functions ; for^ as in all other orgiitna, the 
physiological importance of tlie chemical constitution, and the 
relations of affinity between the chemical substrata, must accord 
with one another, (See vol. i, p. 25.) 

The analyaia of the nervous tianue is obviously still very imper- 
fectf a^ mui»t be seen from the above remarks* 

The most suitable object for an investigation of this kind is 
prol>ably the wbite matter of the hemispheres of the cerebrum, if 
we have reference only to the facility with which considerable 
quantities of it may be obtained. The white matter is far pre^ 
ferabte to the grey, ss it contains fewer blood- vesselsj no nerve* 
cielU, and scarcffly anything but nerve-fibres. 

In milking the detcrui I nation of the quantity of water, the same 
precautions are required as in the case of every otiier organ, and 
espedftlly of the muscles. We have already shown the importonee 
of lOch precautions in our observations on the latter organs. 

In determining the mineral constituents of the cerebral matter. 
It ratiat be homo in mind that the aah eKhibits an acid reaction 
(fOOi the presence of free phosphoric acid, and that it, on that 
account, generally encloses a considerable amount of carbon. As 
is well known, phosphorus is given oS hi a volatile form when 
carbod is heated with phosphoric acid or with acid phosphates, 
• BCJlUi. d, ZiitnAi. imtLuf, OoMlltchafi. Ng. &0, iSfih I 
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and any metallin chlorides or |»hcis|iliBlea which may be uresonlV 
are simultaneously^ decoaiposcd ; liencc it is nlisulatety necessary 
to triturate the dried cerebral mass before its incjnentii*n with a 
little carbonate of baryta— a precaution which will prevent auy 
Lind t>f loss- 

The most rational method of separating the orgnnic, and espe- 
cially the morphological elementa, and the one which ikccords most 
closely with the niierO'ehemical reactions, is to treat the triturated 
rerehtal mass with a dilute solution of t^arhonale of potash, as this 
solution doea not attack the a^s-cylinder or the nerve-sheatli, and 
altera the nerve-pulp leas than any other reagents, inasEnuch oa l^| 
simply dissolves the albuminous aubatance and the greater part 0^^ 
the medidlnry fat; the filtered fluid certainly passes in a turbid 
atnte through the filter, just as when pure water is used in pUcc of 
the ahovEj reagent, hut here a much smaller quantity of fat is helc^H 
m au^pcnsion^ and a much larger amount actually dissolved^ MerjH 
trace* only of histoIi>gical elements, and often not even these, pene- 
trate tliruugh the 5lter, and after repeated rinsings with the Aolutio^^ 
of carbonate of potash there remains on the filter only a very litd^J 
fat (principally a little cerebric acid) with the other organic matters. 
The albuminous substance of the nerve-pulp may easily be de-, 
tected in the solution by means of the ordinary reagents after 
fluid has been saturated with aretic acid, the precipitate separa' 
by (iltratiouT and the suspended fat removed by ether- 

The residue of the cerebral m&ss, which is insoluble in 
Honate oF jKitashj and^ besides b part of the cerehric acid, con- 
tains only the axis-cylinders and the nerve-sheath Sj must be heated 
in a dilute solution of potash or soda for the purpose of dissolving 
the aeid ; from this solution the albuminous substance of the axis- 
cylinders, together with a little cerebric acidj is precipitated by 
ftcids. wilh the development of a little sulphuretted hydrogen. 

llie residLic of the cerebral matter, which ia insoluble in dilu 
solutions of the caustic alknliea and their carbonateSj contai 
RCArcely anything bnt the norve-jiheatbs and a little cerebrate o 
lime, the Utter of which may be removed by boding this residue 
first with dilute acetic acid, and subsequently with ether. W^ 
cannot, however^ uofortunaTely consider this reeidue as a chenoi- 
cally pure submratum of the nerve- sheath Sj as the wells of the 
capillaries are intermixed with it- < 

The methods of invcati^tiori which we have de?4eribed do no 
however, ns we stfited, sufhcc to separate the cerebral fats in an 
rational manner from one another; nor can we hope to see g 
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metltoils cmpluj'od for quantitative separation until the chemical 
cnnslit^eiil-s of the cerfhral and nervoui^ matter shall have been 
clctrrniified with aiuch greater exactnc^ta. 

[1 have juat received a copy of a Memoir by Ton Bibm, 
entitled ** Comparative Investiy;alio]ts of the Brain of Mau and the 
Mammalia ■*' * his principal o^>iicliUiions WJH he given in a note to 
Apjieuclix^ Much interesting matter upon the subjects discussed 
in ttiia section vriW aldo be found in Scliloashergef's Memoir on 
the Xervous System in his ** First Attempt at a GeneraJ and Coni- 
pnrative Animal Chemistry/' f which is aow in the course o£ 
publication. — o. b. d-] 
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Wb have often had occasion to comment upon the inefficiency 
aad imperfection of our chemical knowledge, when compared with 
the great expectations which have been entertained in respect to its 
applicatinnb In pbyAiolugy and pniliulo^-; yet there iH scarcely uriy 
■ubject which more thoroughly calls for a coufcjision of uur weak- 
ness and incapacity than the one we are now about to consider. The 
vmdadons coniititute the Piost important object of soo-chemical 
investit^tioit in reference lo pathulogyj and tlie whule st^ope of 
pathological anatomy may be said tti consist In tlie atudy of these 
structures and their different metamorphoses. But whiist patho- 
U^icid morpholep may be Koid to Iiave already readied a very 
high de^ee of development^ the chemistry of morbid structures ig 
BtiU very obscure. The hiittory of the development of patliolo^ical 
forms has contributed very httle to clear up these diBiculties, nut- 
withfrt^nding the great advance which this branch of science has 
made in recent times ; and it is an undeniable fact that in the case 
of many puthulogical forms we are v holly ignorant whether we 
have before us the beginning or the end of the proce:ts, the first 
fi>nnatjon, or the last stage of disintegration. The science of 
pathological histologyj which alone can guide the chemist^ is so 
full of uncertainties, subjective conceptions, and varying con- 
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jecturcs, ikotwitlistandin^ some sign&l advances, that it scftrcel 
ever presents any starting point for chemical inve&tigiilti>ti. Fe 
Attenpts tiave l}een muile to institute a inicro-rlieiiiicHl analyni 
even of the aioipleat patljuloj^icol funns, and hovf c&n the cheinb 
if he have no certain point to start from, arrive fit correct eonclu- 
tions amidst opposing opinions, and the most variable forms and 
the apparently si^rtilar products of the most widely difTering pro- 
ceases } Let the chemist once obtain a £^ed baaiA on which to 
found bia inquiries, and he will not fail to rcaolvo purely phyhicaJM 
processes into tangible phenomena. f 

It most he admitted, however, that the causes which prevent 
the cliemist friim responding to the demands of the theoretical^ 
physician do not depend solely upon dcEicicnciea of physical prootiH 
and pathological observations, but upon an obscurity in the corre- 
sponding departments of chemistry- We have endeavourexl (see 
Toh ij p. 19) to explain the causes whieh prevent chemistry from 
portictjKiting in the investigntion of patholo^^icol matters, and we 
would indicate some points which may nerve to justifythe mode of 
treatment wc have adopted in this chapter, and to explain 
inefliciency of chemistry to solve pathological intjuiries- 

Wc referred, in the introduction to histo'chcraistry, to our vc 
del^eient knowledge of the protein -bodies as the principal cause of 
our inability to comprehend the elaboration of the tissues ; yet the 
metamorphoses of the protein-bodies of the blood play the prin- 
cipal part in the patbolo^cal exudations, cells, and tissues. It 
therefore appertainn to tho chemist to follow tJic irtdividual mcto- 
mcrphie stages in each of these bodies^ as the histologist endea- 
vours to trace the gradual fonnatiun of morphulogicJil elements 
in their met amor pho^iis into cells and tissues- But whilst the parent 
substances, and their relations to one another, are so imiierfectly 
known that we cannot, with any certainty, attempt to establish 
for them a chemically rational formula, we have but little prospect 
of being able to elucidate their proximate derivatives and the rela- 
tions of affinity they bear to one another* The prospect would be 
less diseoLiraging if we were as well acquainted with the first stogefl 
of raetamorphosi-s as with the protein -bodies themselves. It should 
be remembered how difhcult it is to distinguish albumen and 
casein when they are associated in the yolk of egg and elsewhere; 
that casein it^^elf appears to be a mixture of several subMances; 
and lastly, that it is a matter of extreme ditficuky, indeed almost 
an impracticable operation^ to extract chejniCAlly demoiiBtrable 
Bubatancca from pathological products — whether recent or older 
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exudations. Rvcn tn those tases in whicli the chemist &uceL»eds 
m e3(trut!tiiig one or other of ihette suhittaii^rfs, he seldom uhluiii:i 
mliftfurUjry eviilence of their chemical purity, withtmt whiiiti they 
■re IV holly inapplicable for a true chcwijcal investigation- A chemist 
cntmut tie satisfied thsit he knows a substance until he has aub- 
Tnitted it to an elementary analysis, and can attain, at all events^ an 
■pproiimate <ie Term I nation of its atomic weight ; in fact, n bndy 
vhich haa been submitted by the chenklftt to a few reactions only, 
however striking they may be, but for vhioh he is unable to 
ettabhsh a formula based upon elementary analysia, may be almost 
ronaidered as unknown to him. In thiH Hense (and in exact 
ioTesiigations we can only taVe tliia view) all substances which 
manifest themsclvea as tratt si tiL>n -stages from the protein- bodies of 
a plastic exudation are whoUy unknown to us, and must renidin 
equally unexplained until we are able to elucidate the n^ystery of 
protein. 

Although there may be en established co1l^'iction that the 
chemist is still unable to trace the inetamor]>hciBea of plastic matter 
in the exudations^ and to note the processes by means of which one 
or Dtbcr form \b jiroduced, we may be disposed to inquire what 
qualitative alterations, what heterogeneous constituents, and what 
special substances are to be perceived in the infiannmatory, or 
iht so-«alled specific exudations- 

I^Ike otliers, we have undertaken numerous investigatiors of 
tbii mibject in obedience to the requirements of physicians, and 
we have succeeded in prnvinp the presence of true biliary sub- 
stances both in plastic and non-plastic exudations i.inder many 
diffcTent Telatioiis, which scarce'ly admit at all times of l>cinj; fully 
demo n!>t rated, and have exhibited taurochokte of soda as well as 
beauUfnl crystals of glycocholate of soda. Urea, sognTj certain 
eitraetive matters, ike, may lie shown to exist in nearly all exuda-- 
tions. However interesting such observations may be in mar»y 
respects, the presence of these substances can scarcely, as far as 
vc are at present oblc to jud^o, have any important influence on 
the metamorphosis of the fluid esudation, or any special signilica' 
tion in respect to the formation of this or tliat form of tissue. 
Whftt additional point liavc we ascertained if even we succeed in 
lowing that cystine forms the principal constituent in tuberculous 
mMMMf luccinic acid possibly in cancerous growths, or some other 
nniiuiMl substance in other diseased matters, if no connection can 
be traced between the prchencc of sueh a substance and the other 
rinjumataiiccci of the case ? The qualitative examination of patho- 
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Jogicnl products ia, moreover, casentioUy obstructed by nunier 
relations. Every pathologist knows how rare it is lo meet 
very recent exudnltoiis in tlie dead body ; how diJlicult it geiieraJTy 
ia to determine the age of an exudation, even with any degree of 
accuracy} how insufficient^ even under the mott favourable oir- 
cunistanees, is the quantity of the material in which we have u> seek 
fur spenial constituents; and how rapidly decomposition seta in 
after death, even while the body i» yet warm. 

We would here touch upon only one of thcsG impcdimcn 
We have Already often had occasion to notice in this work 
admimble contributions made by Liebig to our knowledge of 
nietiim or phobia of animal matter by hia investigation of the m 
cular fluid ; these cKperinients were, however, conducted under 
very favourable circumatanoes ; for independently of his genius and 
dexterity, we need only refer to the mass uf the material which h 
employed, and to tlie fact tliat perfectly fresh materiala 
analogous ohjeota could be eftsijy procured for comparison. It ww 
reserved for Liebig and Sclilosaberger to re-discover ereatine, to 
which Chevreul had long befure drawn attentior, whiUt to the^H 
also belongs the merit uf making us more intimately aequainte^^ 
with its nature. Notwithstanding the favourable circumstancea 
alreiKly indicated, Liebig himself was only able to indicate a 
substance*, aa inosic acid, &c. Moreover, Scherer*s inosite 
only be oxhibitcd when we have large quantities of material 
command; and itBccnna,aa it were, to evade the experimenter, by 
becoming converted into butyric acid, if tbe fresh material and ths^ 
separate extracts are not carefully guarded from tbe risk of decoi^^f 
poKition- In a word, whilst even the qualitative investigation o^^ 
objects derived from healthy animals baa to contend with such 
difficulties that very few animal juices admit of being very accu- 
rately examined, the qualitative analysis of pathological products 
is opposed by in surmountable obstacles-* We must, therefore, wait 
till the physiological juices and their metamorphoses iji the animal 
body have been more attentively studied, before wo venture to sub- 
mit the solid or fluid pathological products, the more or less remote 
ailiea of the blood and of its protein-bodies^ to a truly scientific 
qualitative investigation* ^_ 

If we have, thercforCf very slight prospect of being able tc^H 
trace pathological processes by a qualitative enaraination of exuda- 
tions, or of nttaining any aeientific aim by »uch a mode of procedure 
we are led to inquire, witli some hesitation, whether the quani 
t&tive analysis of these products would be attended by any bettei 
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twdIi, On dnsely considering the question, we cert&inly find 
t^t ibe qu&ntirntive inve!itigiitit>M of the exudations justifies ua in 
|McTtaining far higher hopes. &nd that it opens to us n rieli und 
•Wied ftdd of inquiry, while at the same time it affords l>vit l!ule 
eu«j«ragPiDent to the present tendency cf physicians towards 
huiDora-l pathology. We must here rather abide by physi^ laws, 
wLich wiU afford us the best and securest support ia oureiidejivoura 
to give a more general character to the results of such inquiries. 
Bui here we have first to determine the points t>f view from whieh 
sadi quantitalive investigaiion* of pathological products should he 
ronaideiedj as lun^ aft our I&nowledge cf qualitatiTc analysis ia ho 
defiHent. 

We endeavoured, under tho head of Animal Juicet (vol- ii, 
p. ,liW, il(c.)j to distinguish excessive transudations from exudatfcmft, 
altliou^h we did not fjelicve that any very strictly defined Jine of 
demarcation could he drawn in individual cases hetweeo these two 
kinds of fluids, which arc both exuded from the blood. If we 
exdude from our consideration the ti^nsidonal forms, those dif- 
ference!! to which we have referred [see above), and which have 
hccn more than sufficiently described by pathologists and histolo- 
gista in the diatmetion a between plastic and non-ploiitic exudations, 
kfe rendered sufficiently prom'tnent. We have endenvoured to 
sboWt from oar own evperimenCs and those of others, that the 
formation and constitution of transudations depended ujton certain 
pfaysi<;al relations- We think we shall scarcely be ir error if we 
ataame that definite numericaUy reducible relations will be dis- 
covered for the exudations, by which their composition and subse- 
quent tnetaioorpbosis may be establiahedi In ahort, no one who 
is not daaaled by the fantastic forces, which have been supposed, 
during the last few rears, to play so prominent a part in the 
animal body, can doubt that these e^tudations are subjected to 
definite, physically determi liable laws. Allbougli the nervous 
irttluencc may act in a tolerably direct manner upon the chemical 
relationa of the exudation, the quantitative relations must solely 
depend here, as ifi all similar prccesse!^ of the animal body, upon 
altentions in the mechanical relations. When, therefore, we have 
investigated the quantitative relations of the products, we shall 
undoubtedly find enough certain results to give ua some insight 
into the mechanical conditions. It will of course be understood 
that we do not, in (he least, underrate the great theoretical ditlicul- 
ties which present themselves in this inquiry ; the task we propose 
to onraelves in the simple one of solving the (question of the 
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connexion lichref ii the qiiHrtitativtr rclatiuns of ihe exuclitttLiTifi n 
Uic mecHankai conditions necessary for Ehcir furmation. 

Perfect as in many respects the phenomenology of the eiu- 
ilative process may be already considered, obvious as arc tlie 
ineclmiiical conditions -which give rrae to exudation aa vreM as to 
transude tton., and great as have been the adT^nccs made in our 
ciideai^oura to traee the laws by which t^ic most minute fluid 
particles distribute theEoselvea tliToitgh mcnnbranes or through 
other fluids, and strive reciprocidly to eslCLblish themsi-.lves in a 
certain e<jLniibnjra, we can yet never expect Ui obtairt an inductive 
proof for our mechanical hyjjotheses until we can succeed in 
making the quantitative eomposition of the products of these pro- 
ep^sea hafmonize with the laws or provisional hypotheses which 
we httve elsewliere entleavoured to estabbeh. The laliours of some 
of the most distinguished phyaiologiata have afforded us consider- 
able insight into the knowledge of the phenomena which ezhibit 
themselves both nround and withiTi the capillaries during the 
existence of the inflammatory process which precedes the exiida- 
tion* The distuHiances oF the circulation, whoae hydraulic laws 
have been traced even in the sraalleat of these tubes, have not 
vet been followed to their individual enntroUing causes, and much 
<lifFerejice of opinion still prevails in relation to this suhject ; but 
there is no lack of elements having a physical basis which may serve 
to explain these phenomena. In close connection with changes in 
the modulus of elasticity of the capillary walU there are a nutober 
of phenomeiiB which we may very frequently show, with almost 
mnlhematical exactness, to 1^ mechanically necessary consequences 
of these changes. We would here merely indicate, amongst the 
most recent investigation b relating to physiological mechanics, th 
able inquiries of Jolly* and Ludwigt on endosmosis and end 
niotic etjuivnlenta* C. Schmidt's]: experiments on the relali 
between the coefficients of density and equivalents of diffusion 
saline solutionsj and Grsham'sJ remarkable discoveries in relati 
to the difFusion of dissolved substances. If to these we add the 
recent classical investigations of Volkmann||,and E. 11. Weber^ on 
hDEmatodyfinmics and the well-known investigations of Du B 

• ZeitM\i. f. rat Med, Bd 7> S, fl3-l4S, 

t iMd. Vol. fl^pp. i-aa. 
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R<rmonH,* we shall hive aafficient materialB nt our command for 
tTMTiTt^ the abnormal as well rs the normal circulat.ioTi of mniter 
in the animnl hody to purely mechanical conditions. But e\] 
the^e new discoveries, and the obaervationa of earlier inquirers, 
ortlj yield ob a number of hrpothesefi regarding the mpcbanic&t 
mptamurphosis of matter ; hut the inductive proof cf their accuracy 
c«n unly he obtained by means of a series of systeniaticakly con- 
ducted quantitative aTtalyscs of the animal tiuida. 

Uw€ would inve^^ugale the filterations which occur in ciudafionsi, 
ant] the laws by which these changes are regulated and contTolled, 
it IS ohvioufi that we muEt direct our attention not only to the 
exudations themselves, but also to the mother-fluid From which the 
exudations are derived, namely, the blood, li is obvious that it is 
only by the jujEta position of the analysis of the exudation and of 
the corresptindlng bKiod, that any value can he attached to the 
icsuILs of the former* The analyses of such exudations should, 
however, be capable of comparison with one another, and not 
conducted at ha2iirfi merely when the physician may happen to 
meet with some interesting oiAe. 

It may appear supcrfluoua to those who know that the reaidt 
of an experiment nearly always depends upon the method employed 
in the Inquiry, if we venture to suggest that an accurate investii^ 
of the cjcudations demands a strictly systematic mode of 

.tmentj or, in other words^ an elaboration of the subject from 
definite points of view, requiring the moat carcfid consideration of 
mJltbe GOTitiitions involved, with a constant regard to the length of 
time the exudations have existed, the nature of the products 
exuded, the morphological metamorphoses exhibited by the latter, 
and many other similar relations. If any apology be necessary for 
theao remarks, we would only observe that, to our knowledge, 
no otie has e^-er attempted to conduct the examination of the 
axudations in the above-described rational manner. 

We may he permitted to ask, with some show of reason, whether 
the quantitative analyses of the animal juices are at present ton- 
ducted in so perfect a manner as lo satisfy the requirements for 
which they are instituted. 

We hove already considered at length, in different parts of this 
work, the results which may be yielded by quantitative zoo-chemical 
analyses, while we have shown, in no very favourable eoloursj the 
fruits which they have actually afforded us ; hut although they fall 
tar short of our expectations, ihcy arc yet fully suifii'ient to 
* UdUtvp Ubor thicrificlie EEoktricitat. B^rl. liUH-i9^ 
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dfttice of diaeafled AnimaU at oar disposal, for all exudations takj 
indiscriminately are not equally suitable for a rational tnvcstipntiofi, 
•inoe snatomico-physica] relations often render it perfectly impos- 
sible to exhibit the object in a pure state. 

When we consider the difficulties which present themselves at 
the very outset of all attempts at quantitntive esaminations of the 
esudationaj we can hardly wonder that tcnny chemists should 
■brink from the prosecution of aueh unsatisfactory labours, mote 
especially when we bear in oiind that pathology o0ers for our coii- 
aideration numerous quef^tiona, the solution of which promisca 
more abundant r^ults^ and should^ as is obvious to reason, pre- 
cede tlje analysis of the exudations. It is to be hoped, that phy- 
aicianA will acquire sufRcieut insight into chemical and pliysiulo- 
gical science to avoid propounding questions which without ad- 
mitting of ony exact solution, only bring to light the ignorance of 
those with whom they have originated, whilst it is equally to be 
desired that chcmiiits, whether they be expert or not, will avoid 
placing themselves as mere tools in the hands of their pathologic 
bretliren, and increasing the mass of crippled facta and pervei 
dedurtions with which pathological chemistry is already ovt 
burdened. 

From this somewhQt prolii introduction to the mode of inves- 
tigating exudations from a ph y sic Ic^i Co- chemical point of view, ib 
will be clearly seen, that our positive knowledge in this depart- 
ment of science is extremely smwll, whilst the ntsjorily 4jf the ft 
materials collected in reference to these subjecta of inquiry (t 
for inatanccj some wholly irrelevant analyses^ of cancerous tumoi 
pleuritic exudations, tuberculous masses, peritoneal exudations 
doubtful character, See., &c,) must be rejected as entirely worthh 
We can, therefore, only give a very fragmentary alietch of 
subject, and we think we shall scarcely be in error if we wholly^ 
omit, or at most only glance at, the ordinarv deicriptions of thi 
histolr^gical conformation, or the mit^roscnpical charactera of 
pathological objects referred to, under the heads of the rcspetrtiv* 
physiological tissucB ; without such a precaution we fear we might 
incur the risk of giving a mere outline of pathological histology 
which would wholly mash the patbologi co-chemical nature of th^H 
objects under exainination. As there is often but little to be saij^| 
in reference to the chomistryj we thall frequently be compelled to 
give a histological introduction without being able to describe 
chemical composition. If any chemist should 1>e disposed 
direct hia attention and energies to this intricate department 
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KicKCc \\*r vkiW Muwiiere Hud n hctler guid** thnn In IIciiIl-'j* ivcetjl 
md cnn^tcrly expoaitiun of this aubject,* wliere the accumulated 
MOfc« oi histological m^tenats hnve been carefully siflcd^ the 
objefTU dearij- delineated, and the various pjiuts of the inquiry 
tloihf treated. 

Siiinothe exudations manifest every variety of difference, pnrlly 
III reference to tlieir in orplio logical cliaractcrs, ]iart!y in the meta- 
morphoses which they undergo., and partiv Trum their different 
inudes (jf ori^iTt, and since \Vf. arc still fir hinu rcjiiiprdjondliig 
tlieir differences from a chemical ^Mjint ol' view, the only prijn'i|*le 
U> he Hdopted in making a division of the ^vhule subjcet ia tu 
choose ft plan of arrangement liased upon direct ohservation nf 
the cliaracCeristic differences which Ptht in the physical pnipertiea 
of Uic objects. Oreat as lias ijeen the labour expended in the 
Attempts to describe and classify the e^iudations in accordance with 
their external el>aracteri5tic$, we thitdc the chemist eati find no 
safer guide than that most af^cnmte patliologisr. Rokitinsky.t 
For although the de^kcriptiun nhieh Rukitannky givc!^ of the 
differences of the exudations may he interwoven with d^^signations 
and the indicationa of a theory of erases whicJi the ctiemist does 
not recognise, we nevertheless meet witli the most iniimie ohser- 
Thtions which are perfectly true to nature, and which alone ought to 
form the l>aais of a more extended physico-chemical investigation^ 
IVe therefore purpose follosring Ri>kitansky^s mode of iirrange- 
ment in givinjf the Few ktiown chemical relations^ and shall 
POn«ider the emdaiions \^ as lihnt)ou-<i, which are again subdi- 
viJed into simple phytic ami croupous; 2, aa Hlljunnnousi and 
3t ns purulent, under w^hich head are included ichorous and 
ha»mnrrlmgic exudations. 

The attacks which have been made by many of our chemical 
|ihvsicinns a^inst Rokitansky's mode of considering ftnd classi- 
fiflng tlic exudations, apply less to Ills own views than to tliose oF 
■onie of bis pupils and followers, who have distorted his facts by 
the mwrt wild Jind paradoxicd hypotlicf«»s. fii referencej how- 
ever, to uny objections which may he advanced a<;ainst the mode 
of cxprcsaion adopted hy the founder of pathological anatomy, it 
should be observed that the expreasinns fiihtjminotrs or strous 
exudation* are inteitded dimply to desi^iui!*' u pliysicnlly imd deli- 
nitirely chanicteriacd form of exudation ; but that Elokitansky had 
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BO idcft of cmplofTi^ tliem ti> dcsfiHie tbe totaml cnnpodtioa 
of tboe objcctm. A miDcnlo^ist m^t in ft nnulv mnDcr acciue 
RokiUfiftkr of wmnt of scientific acmncr m appljing tbe tam 
btfd to certain nev formatioaft, ahhoi^ tbcr mrc actnsHr mAct 
dinn the IcMt hard mb«tuiee in the miDcnkpnl >cnle of hud- 
ncM* Wc do Tiotf hcmertT, vwh to enter tlie 6cld ^unst tboM 
who am entitled frotn penooal acqimzntwkce witfa pntbologj snd 
patbological uiatomT, lod from independent Tncsrdi, to pMi 
judgment on BokitantkT'B sjitematic amngemoit and the cfa*eo- 
l(^ on Thicfa it is bued ; bat we certunly are of ojnnion that a 
■yrtcfn cannot be estabtiibed witbovt tbe aid of bjpotbetkal model 
of conception, and on tbis accoont we haTC adbered totbc mode of 
rcpre ae iitation adopted by this czpenenced aikl canfol ofaaerrer. 

The fihrimtmM pioMlic exMdaimm ia the onlj one which can be 
easily obtained in a perfectly frah and tolenbly pure stata. 
Fresh wiHinda afford the best means of obtaining it after the 
bsmorrfaage baa been arrested, that is Co say, when thrombi have 
formed in the smaller vessels. It can be obtained, however, in 
Urger quantities from animals after pcvtiooa of mosde have been 
cut away nnder the skin, and, conseqaenlly, from wounds with a 
loss of sahstance. A perfectly frcah exudation of this kind 
exhibits all the physical and chenucal diaracters of the tnterccL- 
Inlar substance of the blood. The fluid is ^ndy opalescent, of a 
Mckly taste, alkaline, and in a short time there is a scpantion of 
a colourless, trembling, gelatinous mass. Provided the ezndatioa 
has been obtained perfectly free from blood, which is not always 
easily accomplished, no morpholt^cal elementa can be discovered 
in it besides the fibrin, which coagulates as in fresh blood. If the 
fluid obtained ^ni the subcutaneous wounds (with loss of sub* 
stance) is not perfectly fresh, we perceive in about half an hour 
or an hour granules and nucl^ which constitute the beginning of 
the suppurative process. These secretions frora wounds are there- 
fore obtained in the greatest purity from aiumals which are little 
or not at all prone to suppuration, as, for instance, from birds. 
Frogs cannot be used for such experiments in consequence of the 
lai^e quantity of lymph which is poured into the secretion in 
these animals from the subcutaneous lymphatics. 

The constituents of these perfectly fresh exudations do not 
differ in quality from those of the liquor sanguinb. The same 
aabstances which impede the rapid coagulation of the fibrin of the 
blood ^ther retard or prevent die coagulation of the fibrin of the 
exudations (tee vol> i, p. 348). Tbe spontaneously coagulated 
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ftbnn bvi.<utiics jicrfectly dissolved ofler digestion for aonic time uC 
1 temperature of 30° in a solution of lulre, being converted into a 
OKgufable fluid. In uatcr rontainmg hydriK^lilunc arid, ihc exu- 
dition BwelU up in a gelatiiioua fono, but doea not dis^iolvc, in 
vhich respect, as in dU other reactions, it perfectly coincide* witli 
iKe blood-fibhn. FteciBelj tbe similar remark applies to the 
inmnirn ; atid the minerid conalitnenlSj in bh fnr as we can 
jiftcnnine tbcm from tbe aniQll quantities of tliese exudations 
gcnenUy at our eommandj differ in no essential respect from thoae 
ucetirring in the liquor sani^uinLS, 

Nu detailed 'jtiuniitutwe analifsia can be made with very recent 
cxodations owing to tlie small quantities in wbicb tbey are obtained. 
[ h^re, however, constantly found more water in them than in the 
liquor B&nguiniSj whieb is the more striking^ seeing that in collet-t- 
ing these Quids the evajionttuin of tbe ivater eitiiiiot be ?in readily 
prevented as when the blood is drawn from tbe opened vein. In 
fife eEpexunents on rabbits and in three on geese, 1 found from r94 
to 4"2Sg more water in tlie secretion from the wound than in tha 
I^Asmn of tbe mixed blood, thnt is to say, of the mixture of 
arterial and Tenoua blood, which was obtained from the carotid 
ud jugular vein. 1 could not determine with any degree of 
cettwnty whether the amount oi flbr'm in Ihe esudation was 
greater or less than ihat in the liquor snnguinis; but the quantity^ 
of albujncn was decidedly somewhat ainaller tbun in the blood* 
lenim, the difference being greater than could be accounted for by 
the relative increase of water in the exudation. In geeae there 
*a« always rather more fat in the eiudation than in tbe eurrcit- 
pnnding liquor sanguinis; but here it was dilHcult to detemiine 
vhctber the fat from the Bubcutanecus cellular liasue was not in 
pirt mixed with the secretion from the wound. No di6ercnce 
nmM be detected in the quantity of salts contained in both fluids. 
Strict dcterniiiLationa in tbe cosu of the phofphrt/eit and mduHic 
chioridtir on tbe one hand, or of the soda and potash salts on tlio 
otheTj vcre impracticable; but 1 endeavoured in six cases to 
determine the average proportions of these substances in the 
secretion from the wound and tu the ctirresiionding blood-serum, 
and I think that 1 am scarcely in error in stating that the 
secretion from the wound contains relatively more of the phoa- 
plutes and potash aalls^ and that the serum contains an exce^is of 
H^ salts and chlorides. 

^^Tbe very recent eiudaliona obtained in rnrc cases from the 
ecroua sacs of human subjects present very different relations^ not 
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being tionif>gen«oiu. but almdr Mpantcd into a caapilum snd ai 

The €oa^tam varies vrrr modi in fbno mni colovr mccording 
to the relations ander «bicb it is sepanted, and the qoantity of 
blood which It conUina- The micnMCopical chancters are geiw- 
r-Lli^f or indeed principallTr the same a* thoae ol spontaneously 
cixagnlated fibrin, bat in addition to die soracwfaat swxillen, almost 
spherical blood-corpuscleSr there occar ccrt^ other morpholc^cat 
stnurtareA, as. For instancct gTanoles, dots, Dudear structures^ and 
occasionally abo cyto'id curposclca. The coagulom srells in 
water containing hydrochloric add as well as in dilute acetic add, 
but it does not form a gelatinous mass of such perfect translucence 
as the 6brin of the blood, or as that of the secretion from a wound. 
If the coa^ulurn, after baring been c<Mnminuted and caretiilly 
washed, be digested with a dilute solution of nitre, we certainly 
obtain a fluid coagulable by beat, although some portion of it 
always remains undissolved lu the menstruum in the form of dirty 
greyish Hakes. 

The fluid portion of the more recent plastic exudations is 
generally clear and transparent; it only becomes opalescent and 
turbid after the eiudation has remained for some time in the 
cavity. Tlie reaction is commonly less strongly alkaline than that 
of the blood-serum ; it, however, coagulates on boiling, not into 
minute flakes, but generally into curd*like clots, or into a milky 
or wliitish gelatinous mass. The fluid occurring shore the curd- 
like flakes is strongly opalescent, and even whitish; it passes 
with difficulty through the filtcTj which it very quickly obstructs; 
it forms, on evaporation, the so-called casein-membranes. Acetic 
acid does not enable us to detect any casein, and the originally 
limpid fluid is rendered only slightly turbid on careful ncutraUsa- 
tion with acetic add; but this turbidity disappears instantly on 
the addition of a little more dilute acetic add. The application 
of rennet only aflbrds negative evidence r^;arding the presence of 
rasein. The salts and extractive matters difler in no respect from 
those occurring in the hlood- serum. 

The quaniifative corapotUion of these exudations, when com^ 
pnred with that of the corresponding blood, is &r more unstable 
tlian that of fresh wound -secretions obtained from animals. The 
quantity of the^^nn does not even admit of being determined 
approximately, for independently of the hct that such fibrin 
(tliat is to say, the coagulated portion of the exudation) contains 
insoluble morphological constituents, which cannot be washed 
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by water, and whjch cannot possibly be regarded as liljiiii, 

elEvdation cannot generaliy be obtAmcd as an entire mosA, 
tto is to say, all tHe soUdt^ed as well as the still fluid parts cannot 
he. removed from tlie cavity into wliicli tliey have been eflfuaod. In 
Ac mcatiwliUe it would appear, from apprcximate determinations, 
Ikwt the relation between the solidiSed and fluid matters varies 
iwy considerablv, a citcutn stance which con&rms the trell-known 
txperience derived from personal observation ilml a large proportion 
of the exudative Surd is soon reaorbed. According to our eiperi- 
\cti tbere is no definite rclatioa between the pnrt vf the eicudatian 
tiob retnains 6uid and the senini of the corrof^pondirig blood ; 

in most cases, here as well as in the secretions from wounda, 
(be sudid residue of the eiudali on-fluid ia incon&ijerahle, and con- 
Kquentlr the amount of water is greoter. I found thia difference 
»(*n the fluids the greatest, namely, aljout 3*47)? in a very fresh 

itonoal exudation. In some eases, however, the quantity of the 
■olid constituents in the eiudations eiceeded that in tlie corre^ 
>pt»fidin§ blood-serum. There was usunll)' leas of the coaguhiblc 
pmti ui-subuliinces m the exudative fluid than in the corresponding 
biood-terum; an apparent escess of these aiibstaneea occurred 
only in one-7(eventb of the cases observed, but then Ihe fluid had 
baomc turbid, and b^d not been thorougidy cleared by previous 
filCmtion. These fluids ditJercd less in reapcct to the ejrtructire 
natter* which they contained ; indeed^ if the latter were con- 
lidered in reference to the quantity of water in both fluids, the 
difference was in most cases ao inconsiderable thit it could scarcely 
he ftaid to eirceed the amount of sueli errors us are unavoidable in 
observations of tliis nature. But on comparing them in their 
teUtirtn to the solid residue, we commonly find that there is a 
small escess for the estractive matters of the cxudalioris. The 
■am of the salU ia generally somewhat higher in the exudations 
than in the blood-aerum of the same individuab. On comparing 
together the different salts we And, wilhoLtt CTtception, relatively 
and nbstrlutely more of the phoaphale* and potash-SQtU in all these 
CKddfttions than in the blood-acrum. 

However much one might be disposed, from tliese reaults of 
my analyses, to find a confirmation of the liew that has already 
been advanced elsewhere, that the phaspbates^ and with them 
probably also the potash-salts> contribute very essentially towards 
the plasticity of the exudationsj we cannot regard the point as 
ihitively settled, for it is not easy to determine to what extent 

quantity of blood-cells in the exudations contributes to this 
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rc*uLU J have met with no «ngte plastic exatlndon (I r^crt^H 
those only which 1 examined under the microscope) vhich did ■i<^H 
exhibit a larger or sm«J1ar amount of strongly tinged, unalcere^^l 
or pale, rounded bli>ad -corpuscles. As, mureuver, the h|oo(^^| 
corpuscica ncvCT continue to he developed in a pl&atJC cxudatiuK^H 
but, on the coutrary, seem ruthcr to diaappcar, the proVima^^l 
uause of this excess of phosphates and potash-salta iTitglit tlier^^f 
fore W sought iu the diaintegrntion of the blooU-c^llH contained i^H 
the exudation; for wc know that it ia the blood-cells principall^H 
which contain the phosphates and potash-salts (see vol. ii, p. ^^^^^H 
In point of fact, a comparison between my different analyses w^^| 
sltow that the exudatioiia which cunlained a lar^e amount of hiooJ^H 
cells exhibited a greater proportion of these salts thaa those whic^H 
were poorer in hlood-cellB. The observations made by diffcren^H 
physiologists on the rel&uons between the capillaries and the hlooj^| 
codtained in them during the ir^daEninatury process lead us ti^| 
cipcct that blood-corpusclea n-iU always be preseiit in exudatlon^H 
Although the constant occurrence of blood-corpuscles in the ^^^^^H 
plaatic exudations, as noticed in the bodies of men or animals aft^^f 
deatli, would seem to fiivour ihe condusioii that the pla^fticity dlU 
the exudations depends principaHy on the quantity of blood^H 
corpuscles nhich they contain^ such a view is controverted by th^H 
fact that eiudationa which are very rich in blood are not in genera! ^" 
the most plastic; and that, es we have already seen, when con- 
sidering the secretions from wounds, an exudation may he plastic 
without containing hlood-eclls. If, therefore, wc cannot assert 
that the blood-cells, as such, together with the fibrin, are the direct 
cause of the pUisticity of the exudations, they at all events appear, 
from the above- uicjitioned positive observations, to stand in some 
indirect rei:ttion to Uie plasticity. For where arc wc to seek 
for the source of the excess of potash-salta and phosphates which 
is constantly present in the plastic exudations, if not in the blood-^^ 
corpuscles? Even in those wound-secretions, in which we cai^| 
tind no blood-cells, wc must refer these ^alts to biood-curpuscica 
which have passed into a condition of stasia and solution iu the 
enpiUarieB surrounding the focus of exudation. The phasphatea 
and poLash-salts ori*j;inating from the remains of the blood-'cella 
must therefore pcnetr&tc through the walls of the inflamed capil- 
laries, and thus contribute towards the plasticity of an exodatkoi^| 
containing no blood'Corpuicles. This at the same time explains 
die cause why the trartHudutions, even when they contain librin . 
hnd some blood-corpuscles, are not plastic, for the separation of 
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Aitd the coaguUted fibrin slon^lv dissolced in the orl^naltf onk 
tlightlv motlil^ed fxudative fluid or in a serous fluid wliidi ii 
ftftfTWHTiIs fteparftt<"d; \n the second ciue, the solid part of tte 
exudation hardens, ceosca to swell in acetic actd, and becomes coti- 
«ert«d into a horn-like mass; and tliirdlf. the exudation is con^ 
Tcrted inlo trje tiMue, namely, connective tissue. One might 
suppose that the Auids remaining in these older e.'tiidatioits, ^^ 
permeating the newly formed tiaaues, would exhibit diflerencv^l 
wliich W'juld readilr admit of being chemically distinguished i bat 
aKbou*h these fluids certainly esbibit differences of composition 
on analyijifi, my observations at all events have failed to detect any 
definite constitution for any one special alteration of the exudatioiti 
We arc filiil delicienl iri any more careful invcsligationa for showing 
the character and composition of thoi^e forma of exudation, which 
lend towards tlie formation oi regeneration of specific tissues (si 
aa cartilaginous substance, osseous substance, &c»)- 

Cnmpouit erti'laiionSw It is only in rare cases that we c&ti st 
ceed in fiubjeoting to a chemical esaminfltion exudations of tl 
kind whilst still in o perfectly fresh state, that is to say before thi 
have been chiinged either by different metamorphoses which Uiey 
have experienced during lifcj or by decomposition in the dead 
body. It may lie shown with tolerable certainty that these exuda^ 
tion^ on their first separation are as fluid, and as i;imilar to the 
blood-plasma ss all other exudations ; but they pre^nt this pecu- 
liarity, that when the fibrin hag been coagulated, the fluid portion 
of ti»e exudation iaresorbed with such extreme rapidity that almost 
Fvery effort to obtain it fails. It almost appears in the case of 
many of these exudations, as if only a kind of filmnuus juice had 
permeated the walla of the vessels, and had been deposited in 
fjelatinous form upon mucous or serous membranes. There la oft* 
scarcely a truce of blood. corpuscles to be detected in fibrin of tl 
hind, and on rinsing the exudation with water, we obtain only 
very smali quantity of coBguUblc matter, and thus lose all hope 
being able to ascertain tbe original composition of the exudation 
from the fluid enclosed in the eoagulum. Then, moreover, it mi 
lie observed, that ihese coaguta, or sohd exudations, are in genei 
fornied gradu&lly. and thus deposited in distinct strata, some 
which experience greater alterations than others* However impor-; 
tant it would be to nscertaio the composition of these csikdatioi 
imniediaiely after their separation^ the chemist is compelled t^ 
urimit his entire inability to solve any of the questions which sug- 
gest themsclvea in connection with this points and must direct 
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ttetition almo.Ht exclusivrh' to the solid parta of lW cxudatioiiBf 
Ivliklk are always more or less altered. 

Rokita.nsky,wlio would naturally judge of the nature of thetlepo- 
htLiin!& solely fruni llieir pbysitiil eliHiftcter, 1ms urritugeil onuipoua 
Aatlolions in tltfee a ubdi visions, — a mode of division which has 
htxTX much oljjcclcd to, but which ia undoubtedly recommended 
tj experience, if we Mmply compare logelher facts urder ibe most 
ridelr difltriiig fi»rms whiuh tliey cat) itssunie, and (r)tcl<ide all 
hose which merge into one onolhpr, as must be done in every 
irtifirial mode of division. A simple microscopical oxamination of 
hese croupous exudatiors showa that the object which we ai'e hare 
jonsidering is not pure fibrin, for even in tlie most recent furnjEi* 
JofiB the microscope reveals, in addition to a fibrous MibstAiice 
lot ver^ unlike freshly coagulated 5bhiit & great nuoiber of mole- 
cular gTTLTiutej^ and 6al(e-like laminfC) which at certain spots appear 
[o he jagged. After they have existed for a longer time^ we ob- 
serve m tiiem nuclei and cytoid corpuscles; indeed the occurrence 
jf the latter is often so sudden (or in other worda the metamor- 
phosis uf the solid exudation into pus-corpus eles is so rapid) tbat 
jitny observers have nllogetber doubted the prcvinus separadon 
if fiWin- The questions which liave been propounded to chcmiatn 
lincc Uokitansky's original subdivision of the various kinds of 
Kbrin, arc in pnrt solved by microscopical investigation. The 
lubstance to which Rokiiansky applied the term croupous or 
aphthous fibrin, or wliich he re^'artled as the primary mairix differ- 
ing from ordinflry fibrin is now iu a great measure found not to be 
brin at all; and he himself has noticed the absence of that net^ 
ork of tibres which is peeidiar to coagulated fibrin both in the 
phllioua coagiihim and in the croupous exudation fl. These granu- 
ar solid exudations are no longer fibnn> having undergone various 
ihemical as well as morphological metamorphoses before they come 
snder our notice. One might, indeed, here assume, as has been 
ione, the existence of a dimorphism, such iis has been shown in 
rereitt times to cxi&t in the case of many mineral substances ; but 
independently of the fact, tliut true lieteromorphiam is far leas 
requent in organic chemistry, and that its existence in respect to 
nbriri ^till reninins undetermined, the qualitative chemical investi- 
atinn of these e.^udaticina shona us that the granular matler wliicb 
bey contain is by no means chemically identical with the unaltered 
ibrin which is often still contained in these deposites, 

lo those exudations, which Kokitansky names ophthoui, we 
nd, afler careful washing, no material which, after the exudation 
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hu b«en Ji^esUd for a »hori time in a dilute solution of nrtre 
becomes <tiuulved and Is coiigulable or precipitable by acetic arid. 
(The wasliinv ia^ hciwc'vcr, by no means ea-sy and frpfjuently entirely 
fuls, aince the turbid Q\i\d parsing tbrougb the filter verr &rioM 
doaes its pores.) Tliia insoluble residue SffcUs up in a gelntinoaa 
furm ID very dilate bydrochloric acid; but some portion |H 
Actually dissolved, without, bovever, yielding the reactiotiB 0^ 
ordinary muscle-fibrin. A microacopical exftittlnatlon ahuws that 
tbe ccm^itituents of the very numerous cells contflincd in aphthous 
exudations are dissolved by water conUining bydrodJonc acid. 
RokilaiLBkjr's croupous exudation a, or fibrin 0j contAins true 
iibrin> in addition to the granular mfitteT Etnd the first stages of 
eell-rormatioris ; but although il ia not very rich in blood-cor- 
puacles, il ii never entirely free from them. After nn exudation of 
this kind has been comminuted and carefully vashed ^th disiillird 
water, and then immersed In a solution of mtrc of the previoual y 
nnmed concentration, at a temj>erature of 30° or 40^, a great po^| 
tion of it is always diisolred, whilst the fluid is also found to con^^ 
tain a protein^subslance, which ia precipltable by heat at the 
boiling jMint, as well as by acetic acid ^ and here I must not ( 
to mention, that with the exception of two caaca, 1 never four 
tiie »o-called arterial fibrin (which h perfectly insoluble after digej- 
(ion in a dilute solution of nitre), eren in those emdationa whidi 
itccording to microscopical emuiiuation appeared to contain true 
fibrin. The croupous exudation a, after being previously well 
wu^ihcd in water, awella in dilute acetic acid; but a very amall 
amount of the protein -subs tanceaj especially such aa are reeog- 
ntmable by chromate of potash, are diflanlved- Rokilansky drew 
attejition to tlie large amount oij'at contained in these exudations, 
and the fact may be readily confirmed by careful chemical analysis, 
Tlie fat does not differ essentially from that of fibrin ; but the fat 
containing phosphorus or rntljerthe phosphate of glycerine appears 
to be present in rather larger quantities in the croupous exudatioiitf 
than in exudation ^ or in the aphthouii kind ; but it must he a^mit- 
led thttttiiere exists considerable uncertaintyns to the qus^ntitattva 
determination of these substances. This observBtion seems to 
i'onfinned by tfie fact, that these exudations oe) an average leave 
mxtre rttri/iy jthvtpftaiest &iid in general more acid phosphates, on 
the incineration of the ooTifititucids insoluble in water, than fh 
ordinary blood-fibnn. I never found lesB than 2a» and often morfl 
than 4}; of phosphates in the hi-suluble residue of theexufialiun. 
NoiwiLhstandingiuy conviction of the insufficiency of elementary 
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anoK'ws for the citamination of such substances, I have very ffe- 

<^iieiitly initUuted anfilys^s of this kind witli the realdue (uisolvjble 
in water, alcoho], and ether) of the croupous exudation cif the first 
crder («) ; but the result* were so variable^ that it wa^ impossible 
to compare them with the composition of the blood-6hrin. Accord- 
\ni* to most of the itnolyses, the fibziTi of the exudation contained 
Kime^rhnt lens nitrogen thau the fibrin of the blorxl of the simie 
individual; and it was ouly once in seven cases that the nitrogen 
equoJIed the quantity found in the blond-fibrin- The quantity of 
carbon was equally vfiriable, for in some eases I found rattier more, 
somettmaa from 1 to 2^ less, than in the blood -tibrir}. 

The croupous csudation of the second order (ff Rokitaoakyl 
may be regarded as holding; an internkcdintc pl&ce between tlijit of 
tiw first and third order when considered in a chemical point of 
tievr. I have never found it to be [lerfectly free from pus- 
corpuscles. 

Rokitansky diatinguiflhea yet a third ft^rm of fibrinous exuda- 
tioti, namelj', the iub&rattitua. Although in a purely physiological 
w even logical jxjint of view, we can scarcely admit the assumption 
af such an exudatLon as a special foiiu, its recugnition la advanlage- 
uus in a practical point of view. We entirely set aside the idea of 
aa entirely specific process^ and simply adhere to that which for 
Rges has been attached to the term tubercles. In charncterisin^f 
tlu« exudation, Rokitansky has here, as in other cas^, not studied 
the original frcah product of the exudation, but only tlie pec-uliar 
brm in which it most coQ^mo^ly comes under our notice. Persia- 
tence in a very low stage of development haa in general been 
vlduced as the most characterUtic property of lubercaloua exuda- 
tiona, and indeed we seldom meet with more than molecular 
granules, minute aggre^tions which have been regartied as of a 
special nature (tubercle- corpuscles), and, at most, faint indications 
of cellular structure?!. Tlie absence of plasticity \u these exudalions 
baa commonly been referred to the too rapid resorption of their 
fluid parts, and either to the actual absence ofhlood in the smaller 
vessels, or to other causes preventing these parts from beinj; readily 
permeated with moisture, Whete such a permeation as thii lakes 
place, we less commonly observe a formnlionof cells than of cyto'i'd 
corpiisdes, which then give rise to what is termed softoning of the 
tubercles. Tubercles have been divided, as is well known, in 
accordance with their form and mode of deposition, into miliary 
and infiltrated^ and further subdivisions buve been sugge^ited, 
ba»ed upon tlieir consistence and age (as for instance, gciatinoualy 
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mfillraW>crrliticd, iki.\). On microscopiv: iiivcMtigftliou. mosl i^_ 
them are found to corisUt of fat-^lobulee and molecular gra:i tiles. ^| 

NotwitbataDding the rapidity with wKich the tubercQlous exu- 
dations are separated, mid the nrcumstance that they are fr^^ 
quently aecr^ted to the last moment of life in tubcrculQUs patient^f 
no attempts hnve as y<^t saccceded in ublaining for cxaminntioif 
n perfectJy fresbj still fluid exudaiiou, of whicb one might prestig e 
with Uileral^le certain I r that it ^ould have been *' tubereulised" b^H 
tlie life of ibe auflVrer been pruiongf d. Even should theac attcmp^^ 
»uc(^eed,it v-ould atill remain qcestianahlc whether the chemical m-^ 
vestigation of these exudation!^ ^^~ould aHurd finy further informatii 
regarding the so-called tuberculous process than has already b 
obraiiied from tlie imnlyses of tlu> blood of tuberculooh patients. 

Tliere ia no csudation which, when once formed, admits more 
readily than the tuberculous of being Btudicd with referejice to 
the length of lime which it has existed, nnd the various m&tatuor^ 
phoses whieli it lias iindtrgnne; thus wp find en evamining the 
lungs of persons who have died from chronic tuberculosis, that lh^_ 
most recent depohitca are in the lower lobe. And the older form^H 
tions in the upper one; but still the most careful and numerous 
tnicro-ehemifftl and even microscopicnl investigations scarcely 
yield any reliable results, and the various micro-chemical analvM^H 
which I have made^ in part conjointly with my friend Hasse, o^^ 
the most varied pulmonary tubcrclca, have not yielded the slishtcat 
amount of scientific information. It would, therefore, be absurd 
to enter eireumstantially into the details of these series of eiiperi- 
raents, which arc so frequently at variance with one anolber, 
although at the period vrUen these analyses were made* many 
slitjbt dlflorences may have been passed over, which, in the present 
advanced stflte of animal chemistry, might perhaps have thrown 
Home light on the subject ; but still the rcj^ults arc fio different, 
and even frequently so contradictory for entirely analogous objects, 
that no support can be obtniiied for even the most general o»odc 
of clas^ificflrion. We therefore withhold these details, trustinn 
future inveatigations for more satisfactory results. 

The scattered facts yielded by works devoted to the subj 
may !re limited to the following points. The tuberculous m 
when of recent date, contains, in addition to one of the prot 
horiieSj which is soluble with more or less facility in jicetic acid 
and alkalies, a large quantity of fat, partly in very fine granules 
aiid partly in vesicles. In tubercles of longer cTtistence the fflt 
ap[}earfj in much diminished qnantiiies. The obsolete or cretified 
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lc5 consist chiefly of choleatcrin, which niay be recognised 

Tnicroscope, together willi cArhonate of lime, and a little 
liftte nf lime. The tuhertles are generally deficient in snlt>, 
Igh the statements of authors nn this point are as variable as 
Esults ^vhidi 1 obtained from my analyses of Ihc different 

of tliesc exudations. There is on an average iwore cnr- 
t of lime in tlie ash of tubercles than in that of any other 
Hce of llie animal Wxiy whitrh h rich in protein. The rerenl 
ation, that iaiithoM:yfltinc oecura in old tubercles, h very 
iuibk, but 1 have not hitlicrto had any opportunity of veri- 
the correctness of this agsertion. [See note to vol. i, p. IG% 
bm/A/w) in the Appendix.] 

e muat confeaa our inability to form a perfectly clear idea of 
ftnaky's tU&tiJttifious exudatioiitt^ although wc do not by any 

believe that they ran be classed under the same head as 
purulent, or any other form of exudation. Wc have found 
they presented very conaidcrablc chEmieal diiTerences; utid 
Utbidily which occasionally gives them a milk*white ap- 
Jice is probably tlie ainiultaneouB result of many different 
una. The microscope shows that, in addition to the cellular 
ata, which occasionally become developed into spindle-^fhaped 
date cells, there occur also a number of molecular granules, 
ibulcs, and a viscid tiiamentoua substance, formintr under 
ricroacope hyaline stripes, and here and there probably also 

of true 6brin. The turbidity arises in different caaes from 
nt nticroncopical elements. 
M filamentftU9 matter cannot, howcTccj be regarded ae true 
Uted 6brin ; for, independently of the eircumatance that it 
1 microscopically he confounded with ordinary fibrin, (since, 
ironcbial mucus, it acquires its filamentous appearance solely 
the pushing; or turning of the thin glass pl^ite covering 

from other mechanicfal conditions,) it differs completely 
fibrin in the following chemical rejections* It commonly 
ves vrith considerable facility in solutions of neutral alkaline 
when not too highly concentrated, without requiring any 
iged digestion or exposure to heat. Besides this, it frd- 
Jy &ccjulre§( a certain degree of opacity or milky turbidity, and 
idered less tough when exposed to the action of dilute acetic 
db^olirins; only in an excess of this acid, or when it is con- 
led; and, (eseepting in two cases,) it has been found to 
tve ea^ilv in very diltite liydroehlorie acid. The molecular 
e» oceaMonaily consils of fat only, but they may frequently 
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be made to disappear by m^ans of alkalies ftnd aknline saltStCn 
whicli account we may probably include tliem amongst the proteiti- 
bodiE-s. We slialT speak mnre fully at a future page of tlie mipro- 
cheinical relutioiis of ihc otber cellular structures vvliich may occur 
in CKudations uf thia kind. Tlieac fluids cKhibit very different 
rcaetions ; they are frequently so strongly alkaline and amrno- 
niacal that one is disposed to refer iheir filamentous characte r 
to the strongly basb albuminate. The presence of the I^^tt^H 
seems to he conlirnLcd by the small quantity of coEt^lum whiCT^^ 
the fluid yields on the application of licat, while on evaporation a 
memhrane i« formed on the surface (see vol. i, p, 334), Dilute 
acetic acid frequently givea rise to a strong turbidity in such flui< 
and occasionally to lUe separation of white flakes. 

I have been unable to convince myself of the presence of tnie 
cttwn in «uch fluids either by the application of rennet or by 
other means; the viscid character and the reactions which these 
exudations exhibit ate, therefore, probably owing lo the presence of 
strongly basic albuminates, I have only or tivo occasions observe! 
an acid reaction in these kinds of exitdatian (and this was ai 
puerperal py£emia), and here, also, acetic acid occasioned grek\ 
turbidity In the iiltered^ opnlc^icent fluid ; the albumen coagulated 
into fiakea when this exudation was boiled. The latter substance 
occurs, however, also in nome cascb when the fluid exhibits a 
faintly alksline, or an almost neutral reaction (we ahoTc). In 
those cases in which the exudatioit has an acid or neutral rcactioi^H 
the surfoce of the fluid, after the removal of the coagulated aJbit^' 
men, becomes covered on evaporation witii a membrane^ without, 
howeverj exhibiting the presence of true caseio. 

Notvrithstanding tire thick fluid character of these exudatioT 
they seldom contain any large quantities of non-voiatUe matit 
from i to Gg being the highest amount that T have found in Ihes^ 
lljids. The amount of fit is not ineonaiderable^ although it fre- 
quently d{>es not exceed the amount present in the normal, 
fibrinous, plastic exudations. The non-volatile satU are generally 
present in larger quantitiea than iti the blood, hut on comparinj 
them nith the sails of the plastte exudations, taking the sol) 
residue as the unit, the number representing the salts is oft 
higher in the fibrinous than in the albuminous exutJations, 
Althoxjgh It W'Ds founti from a comparison of the salts as given 
by several analyses, thnt there was a relatively smaller amount 
the phosphates in the albuminous than in the fibrinous esndatioi 
this observation requires to be further corrobonited ; the morie 
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becftUM I found In Wo raises (in puerpeml fever with pyntnia) 
considerably more phosjihates than one usually meets with in llie 
aaltA (if tlic fXudatioTo. The occurrence of Ikt^^c Quantitiea of 
hilc-pigmenl and biliary acidsj ureo, sugar. &.C., in certain filbu- 
xninous exudations must be reE^rdcd as purely accidental^ and as 
admitting of an easy explanation in individuid cases. 

Rokitanshy^H seroux lirftjmcftl fxudatwus tuincitle jjeTfettly wldi 
the irar6sufialir/n^ wbicb we treated of in vol, ii, pp. 308-351, but 
we think we have suEHcientlu^ e^cplained, botli there and in the 
introdaction to the present section, the reasons which compel ua 
to separate the transudations from the exudations. No one can 
deny that in some cases an exudation may become aasociated with 
ft transudation, or, eonversrly^ a transsudation n\av associate rtsclf 
with an exudation, but the two proeessea muit in principle be 
widely distin^Liished, as, in fact, they do occur distinct from each 
other in most cases, leaving no grounds for coiAfoundiuf^ one with 
the other. The erroneous idea that thc^ plasticity of an exudation 
depends only upon the quantity of librin which it containg, has led 
many persons to doubt the prnpriety of separating exudations (rum 
transudatiorLSi as we meet with jjlabtic exudations without tibriuj 
and non-plastic ones which contain tibrin; but we think we have 
satiafeciorily shown from our own direct investigations, that the 
plasticity of tire exudations is constantly jissoeiated with the 
presence of a certnin amount of soluble pliospbifctes, which occur 
cither in very small quantities or are even wholly wanthig in the 
tranaudationa. As the phosphates and potaah-siilts can originate 
only in the blood-cells^ they cannut occur in large quantities in 
the exudations, or render the transuded iiqnor sangtjinis plastic, 
\in1p.ss there ia true stasis and destruction of the blood- corpuscles, 
when the contents of the latter transude through the bcerutEd or 
uninjured walls of the capillaries* Tlie formation of transudations 
poof Mi phosphates and potash-salts^ is solely dependent on a 
retarding of the blood-current in the capillaries and on other 
mechanical rehitions, and in no ease depends upon a cotnpleto 
Btui« or desttiiction of the blood -corpusclesj — in other words, it 
never rfepends upon true infiammation. 

We do not, however, by any means incline to tlie view, that 
the plasticity of an exudation is solely owing to the presence of 
phosphates (altliough their influence on the formation of the 
tissues in the case of animals^ has been almost denionstrated by 
direct nhservation) j it is, on the other hand, very probable that 
other subaiaiices may constitute essential requirements for pro- 
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dacing plasticity, although these, liVe the former, wciolil ap| 
froin the results of our inveA^g&tions to derive tlkeir oHgii 
source from the blood'CorpasclcB, To assert that the plasticity of 
an exudation depends solely upon the presence of the phosphatesi 
would be no Icsi unsuitable or uncalled for, than to assume that 
transudations owe their origin exclusively to a laTge amount of 
water in the blood. Wc have already shown, under the head o^^ 
'^Transudations/' the untenable nature of such a view, and vi^H 
would here only remark tliat the blood of tulwrrulous, chlorotic, 
and hysterical patients is often found to be f?kr more waterj^, with- 
out, bowerer, tranBudations baring taken place, than the blood of 
patients having dropaieal accumulatjona in difierent cavities. ^^!^| 
have already instanced ainongsl the conditions which favour th^f 
formation of a transudation, th« amount of the lateral pressure 
exerted by the blood on the walls of the capillaries, the rapidity of 
the blood-current, the coefticient of elasticity of the walls, and 
many chemical relations. We cannot, ho*ever, venture here, any 
more than in the involved phenomena of vital processes generally. 
to refer an important process to one single, perhaps aceidcntAlly 
induced condition; for, iti adopting such an unsatisfactory mode 
of evading a ditTtculty, we should run tlie risk of falUng into the 
error which is too common amongst physicians of the present day, 
of referring the oaost complicated patholo^cal processes to the 
merest chimerasj and endeavouring to explain the modus operandi 
of certain powerful or incflicient reme<]ial agents by clumsy mech&- 
riical or chemical hypotheses- 

The purulent and ic/torcn^ e^mdation* show in special caaea the 
same amount of affinity with the albuminous, and in part even 
with croupous exudations, as do the other exudative processes. 
In its purest state the pvtrulent exudation generally, however, forms 
a yello\i'iah, thick 6uidj which differs from every other exudation 
by the considerable amount of corpusclea which are distnbule^^^ 
through it with tolerable regularity. ^| 

These corpuaclea^ which, however, also occur In other places 
and in other flaids, as, for Jnatance, in the lymph (aa lymph- 
cOTpuacies], in the blood [as colourless blood-celb), in the mucus 
of the mucous membranes (as mucus corpuscles), &c-, are, as is 
well known, vcMcles consisting of a cell-membrane, which often 
appears gmtmlnr, of viscid hyaline contents, and of a nucleus 
which adheres to the cell -merob ran e» These corpuscles may or 
may not be included under the head of cells, according to the idea 
entertained of the physiological cell ; and on this account it woi 
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bftctowmblct pertiaps, lo aToid the nutneroaa deaignntions which 
httVfi hcKti applied to these liorJies, FirkU to adopt the imme of 
eyfoid corpuscles propoaed by Henle (F, P_ 1 1, T, ,^), 

We i\v nut purpose entering more deeply into the iiiorpliolos^ 
of pus, kts mode of formiitio^, &tc., oa thin would be leading ua too 
Etu' frocn the main Eubjcct ijf our inquiries, and iiwolvin^ as in a 
Ubrnnth of unanivered or unanaiverable questions and the 
t^ncat cimjectures, iis the chemical )nve^ti,^tioiiH hitherto in ndc 
in this department of inquiry have contributed very little tuwnrda 
the elucidation of pua and purulent exudations. AithoU[;h wfi 
ftnind ourselves compelled on a previous occaaiorij when investi- 
^ting the micro-chemical characters of pus and suppur-iliutij* to 
hioard various hypotheses on the moq^hologicftl as wcU as the 
dtemtcaJ nature of purulent formations, we are nevertheletts of 
(ipiiiion that where chemistry in not siiflicient in itself to aolvo 
the difficulties falling within its own scope of inr|iiiry, it ought 
not to assume the aemlilance of being able to Iny the foundatior 
of A nittonnl enquiry by the aid of unstable conjectures and mere 
MBUmptiona — the imputation of which has, on too many occasion «> 
rlimg to diis science. We will not, therefore, etjier further into 
the genesis of pua-cclls, or of the morphological elements allied to 
them, nor will we dwell on the physiological value of these cells, the 
diffeFcnC charaeters of laudable aTid malif^Tiant pus, Ac,, aa almosl 
every recent ln^Lotogic4Ll and pattiulogicitl work ahounds In the 
most comprehensive facts unil opinions bearing upon these points. 
Tlte siftiny of the chemical faeta before us will alao be u jnattor of 
extreme facility, owing to the very small number of positive 
remits yielded by the earlier chemiial investigations. 

The reason why a very subordinate degree of interest attochca 
iCaeU to the earlier inveutigations made on tluu subject, many of 
which were conducted with great core, depends in a great degree 
upon the difficulty, or even impossibility, of sejwiratiiig tlie tyioul 
COfpuacles of the pua from the intercellular fluid, (the so-called 
pus-serum,) although such a separation is obviously neeossary to 
afford such a view of the constitution of the pus, ?ls may at unce 
accord with nature and satisfy the rec|uiremeiitH of physiology, 
A quantitative determination of tlie constituexita of the corpuncle^, 
such OS we have at all events approximately obtained for the 
blood, ia scarcely possible as yet in the case of pua. Pus- corpuscles 
do not admit mure readily than the hlood-cor|iu^cles of heirtg 

* Ar<1i> f- phjE. Uoilk. lid' I, B^Sia-lUfi [ajoint mviacHr by Loliaiuin oad 
HflMsndHMidt.] 
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separated hv filtration from the intercelluUr fliiidj and (hey ftl 
render irulirert determination more difficult, in troii sequence 
their poa^eaaing a far le^a sinltmg capacity than the hi 
corpuscles; the cytoid corpaacies of the hlood Tcmaiii, ho^pcvi 
suspended like those of pus. After standing for some timej 
piia-tfirpuscles lie^iii gradually to sink ; the pus is then, hottever, 
generally changed in cliaractcr, and the cytoVd corpuscles cxiiihit 
more distinctly the nuclei which had previously been scarcely 
di^eemihle. The serum of the pus has a les*i decided alkaline re- 
aelion than that of the blood -, indeed sometimes it is acid, and when 
placed in a vacuum, this kind of pus commoidy evolves sulphuretted 
hydrogen gti9. We cannot, therefore, regard the aerum of the 
pus, whieh is accessible to investigation, as a perfectly pure object- 
But although tltis condition of the pus-corpuscles must he 
regarded u the principal obstacle in iHc way of a rational 
investigation of this fluid, thero are not wanting other causes 
whieh very frequently render the object unsuited for a conclusive 
analysis ; amongst these we may especially enumerate the frequent 
occurrence of blood in pus, that is to say, particles of fibrin and 
blood-corpnacles, aa well as the elements of newly formed, or 
recently destroyed tissues. Such fluids would, at all events, be 
unsuited for analyses, froin whic}i we mi<;ht wish to draw coi^| 
elusion?! regarding the special character of the pus, and of ib^^ 
purulent exudations generally. Another circunislance which call* 
for attention is, that to render an analy»ila of the pus thoroughly 
useliiK it is essential to institute simultaneously an analysis of i 
blood; yet what phyaician would be so unconscionable aa 
prescribe venesection in the case of a p^itient in whom the 
purulent dtacharge was so copious as to afford the chemist sufficient— 
materials for a proper analysis ? We must* therefore, necessari^H 
content ourselves with having recourse to the lower animals for 
(Ilia purpose. Inhere is nothing of chemical pedantry in dcsiriuj^ 
parallel analyses of the blood, but yet the accuracy of a physic<^| 
scientific inquiry would not be invalidated by its omission. It is 
obvious that the constitution of the pus must in a great degree be 
dependent on that of the blood, and that an accurate examination 
of the former must emhrace a notice of the character of the blood 
also ; hutone would hardly believe that this influence could extend 
30 far as to manifest itself in the physical character of the cor- 
puscles I yet it h by no means difficult, after some little practice, 
to determine from the form^ size, granulation, &c., of the cor- 
puscles, the nature of the source from which they have originated. 
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Tbiu, for inslsitcc^ tlic pua fruiii jiccidciilal wi.>ui»d» or ulccrritetl 
paria in a phthisiojil patient presenta under the raicmscope a totally 
different appearance from that of a typhous subject, whilst ihat 
of die latter would in its turu differ easenlially fron; the appear- 
mix presented liy tije pus Uken from a drunkard t*r from & 
piticnt exhibiting the cancerous dyacraaia; and this would be 
aEwervable eveu in cases in which the suppurative fluids could not 
fie regarded as the ordinary iebuT of surgeona. In ease these 
observations should excite a doubt id the minds of those who have 
been accustomed to i^xaniine pus under the microftcope, ^e would 
■icnply refer to the fatrt that the mere size of the liTiear diameter of 
a eytoVd corpuscle frequently fumislies a clue to the nature of the 
doid from wbii:h it was obtained ; thusj for instance^ Henle*= fuund 
thftl the cytoid corpuscles in the pus measured on an average from 
CfOtM to O'U05"'j that those in the flullva and mucus were somewhat 
larger, and thofte m the blood were, on an average, smaller. These 
dlflerencea he ascribes^ undoubtedly witli much truth, to the dif-- 
iefCnt deusjliea of those fluids. When therefore we tind that the 
mere density of the blood, on which depends that of almost all the 
otlier juieea of the animal body^ exerts so great an influence, we 
can scarcely suppose thai the vtber qualities of t)ie blood should 
exercise no action trhatever on the chcmieal constitution of the pus. 
We can hardly therefore be accused of adopting any exagj^eraCed 
Of far-fetched view if we regard all analyses of pus, which are 
anaccompaiiied by simultaneous analyses of the bloudi as devoid 
of &11 importance in interpreting a physiolo^ic&l proecasf or in pro* 
motiiig the recognition of the true constitution of normal pus. 
We h*ve deeme<l Jt eipedlent to nuke these preliminary remarks, 
partly to free ourselvea from the reproacli of Laving neglected the 
Ul>OTioua investigations of former inquirers in our representation 
of the chemical relations of pua, and partly to prevenij as ^ as 
ties in our power, the misapplication of efforts which would be lost 
to scientiiic pathology, by being expended on the chemical analysis 
of objects whose examination can in ro way promote the advance 
of science. 

Wc hare already observed, in reference to the plasma or the 
germinal fluid of the pus, that it appears to be originally identical 
With the fresh plastic exudation which we examincii from the 
secretion of a wound. We will here subjoin a few remark* in 
addition to the relation?* which wc have already described. In one 
cnac the secretion was collected from vrounds which had been 
a Hsadb. der raciaa. TatboL BJ. 2^ 8. CBfi. ' 
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jii(!icierl npon eight r&1>bits in the xnanner already dewrtibed : as' 
■ooii Bs it bc^Ait to ilow free tmai lilcxid-^'nrpuHcles, 100 jiartA o f , 
tlie solid residue contaukcd (as wa^ determined hy direct ii)cincrufl| 
tion] 12'34l of mineral substances (tbe solid residai^ of the aeruii^^ 
and of the fibrin yielding &-9riS) » ^00 pwls of the salts of the 
secretion from the woorul-n yielded -IVHS parts of chlorine, 5-819 of 
phoaphoric acid, and G^941 of potash, whibt from that of the liquor 
Bsnguinis there vere ohtAined 53'115^ of chlorine, 2'ON^ of plios- 
phoric acidj and 4-314J of potash. In the solid residue of the 
secrelions from the ffounds in three geese lliere were IS'l-IfiJ 
of mineral substaneea (in that of the liquor sanguinis there were 
I lM55g) J lUO parts of the salts of the wound -secret! on contained 
7"018 of phosphoric acid and 7"l-*7 *>f potashj whilst in thove 
of the CLirrespniiding liquor sanguinis there were 3'] 18 of plios- 
phoric Eicid and 4'fiC3 of potash. Several experiments of a simih 
ij&turc, oonduftcd hy my pupils, yielded analogous results. It 
already been ohserved that the sfcreiion from a wound doea 
lung retain Uie character of a fresb exudation, hut that it soon' 
exhibits murphologic&l elemcntst molecular granulest nuclei, and 
even cyto'jd corpuscles, when the edp;efl of the wound do not 
cohere, that is to say, when the wound does not heal jter frimatn 
iaieniionef/i. It raay therefore be assumed that the exudation, sa 
soon aa it haa become pus, will exhibit a different composition from 
the fresh wound-aecretionj which may be shle to produce tissuej 
but cannot generate abortive cells (that is to sny, pu(-corpiisclea)^| 
A jiiniiW mode of reasoiiing has led to tbe assumption that tlie' 
first secretion from a wound which is free from blood may perhaps 
eonlain a sufficient quantity of phosphates and potash-salts to 
restore the irtegrity of tlie injured tissue, whilst the later secretion 
very probably contains only enough salts to form cyto'id corpuscles, 
but not aupply adequate for the formation of perfect cells or 
iihtcs. It happens very frequently, however, that the idea we have 
been led to entertain of the plan adopted by nature does not 
coincide with actual obaer\'ation. At all events, tbe limited ex- 
periments which I have been able to make, and which were 
restricted to rabbits, do not confirm such aBsumptions. The ash 
of pus always contains a larger amount of phosphates and potash* 
salte than the intercellijlar fluid of the correspondiui; blood, 
although when compared with that of the fresh secretion from a 
wound It exhibited a very variable amount of these salts. Thi« 
relation, which requires to be eon/irmed by further observations, 
cau scarcely excite surprise, for there is undoubtedly aomethim 



PUS. 



151 



«at neoesnry tfavi phosphftt^ find potuh-Mdts to render on 
cnifftliaii tmljr pla&ticr. 

Wifhnut cntermg fiirtlier into the conaideratLoii of the inci- 
(fcotal TDoq^holugic&l coixBtitucnU of pus, we will at once proceed 
B> lis cytaVd corpuscles. On micro -chemical investigatio:! they 
puent ibe following reactions, {F. P. 1 1, F. 3 Bnd 4). 

If fresh [lua be very mucli diluted willi distiiled tvaiery Uie 
corpuscles are seen to aweU luid l>ecoiE]e very palc^ the grsnuUr 
character of their suHHces either wholly disappears or true griLnales 
become tletached therefrom. The interior of the corpuscles occa- 
sionally exhibits a distinct nucleus, but more frequently only ha 
igjre^tion of i^nular mattt^r vrith no distinct outlines, whilst in 
addition to this, the corpuscles also exhibit in their interior fine 
granules, which are in a state of active molecular motion- Henle 
has especially called attention to Uie circumstance that, on the 
additioti of irater, aomc of the pus-corpuaclcs hurst, and alloir 
Iheir viscid contettts to escape, which then become dissolved in 
the dilute serum. The corpusdes then appear eullapsed, are much 
dafkeT> and still contaiii nucleii The action of the water is best 
ob«cr7ed in the cyto'id corpLisclcs of the buccal mucoua membrane ; 
the lenticular nucleus, which may be here very readily recognised, 
is generally simple, that Ir to say, not cleft, and is then situated so 
dose to the investing inembrane of the corpuscle that it frequently 
appeara aa if it v^crc attached to this membrane on the outside of 
the celL This nucleus is brought more prominently into view on 
the addition of wtiiar, which does not cause it to split. 

Strong akofioi causes tlje serum of the pus to coagulate, and 
benee renders a microscopical e?camination of the corpuscle una- 
ndJing. But when spirit containing *2S^ of alcohol is omplayed, 
which indncea do turbidity of the pus-serum, the corpuscles 
appear distorted, somewhat elongated^ and> as it were, caudate or 
pointed. 

In etheTj free from alcobo), the corpuscles are also distorted. 
Wlien fresh pus is treated with very dilute Jiiiiwi'til acidsj as 
hydrocldunc acid (l part in 2,800 parts of water), nitric acid (1 
part of anhydrous acid in 2,000 parts of water), phosphoric acid 
(I part in 1,500 parts), or tolerably dilute organic acidf, as acetic. 
Lactic, oxalic, tartaric, raceniic, or citric acids, no (xiagulatioii takea 
ptace* but the pus-corpuscles swell to so great a degree that they 
frequently attain double their original size. The granular appear- 
ance, which may very probably have been owing to plaits in the 
capsule, disappears; the latter* which appears to be extremely 
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hyaline, very often liursts, when it* torn ftiid rdggfd fragmcnJ 
may be distinguished at different iioiotf, provided the light i» 

gootl and the dinphraifni be judiciously employed- Wtiere the 
nucleus v^s originally yisihie, and of a Mmple, lendt^ular form, it 
irtaiiicd thia appcarnnee after the action of the^ Huids ; but in tJiose 
cases in which it hud origmally been invbible, or where its appear- 
ance cstuld only be detected T>y a darker »pot in tbe corpiucle, the 
nucleus was gE-nerally tripartite and bad n sharply defined nutlsne. 
One or two dark gninulea may often be obsen'ed in or upon the 
nxvcici, but we leave it to the physiologists to decide whetJicr they 
should beret^arded as nucleoli. 

CoJice/ilrattd mineral acids coEigulate the protein -bodies, 
hence the distorted corpuscles caiinot be distinctly recugnt&ed 
amongst the separated granules of albumen. The orRantc acidfl 
aet in the concentrated state in much the saute way ai wbe^^ 
diluted, cnuHing the variously cleft nuclei to appear perfectl|H 
distinct) although their different paita cohere togetlier. 

The CQifstic atkaheSy if used in a moderate degree of solution, 
exert a rapidly deBtruelive action on the cytcad corpuscles ; perfect 
solution never takes placej but after having continued for some 
time visible, the corpuscles disappear on the addition of water, 
leaving only a gclntinous-lihe residue, in which Tarious lighter and 
darker p^iints may be recognised. Dilute alkalies destroy th^H 
corpuscles even more rapidly than the concentrated solutions. ^| 

Aqueous solutions of neutral alkaline sails cause the sharp 
edges of the pus-corpuscles to disappccr rapidly, contracting the 
latter until they appear smaller, granular, and ja^ed, — an effect 
which is pnibniily to he referred solely to endosniotic action ; the 
fluid conteiils are dtseliarged into tbe serum; the cap&ule theu 
becomes plicated, and consequently assumes a granular appearance, 
which prevents the nucleus from beinj; seen, although it may pj 
vinusly have been visible. 

Solutions of M<tli7i€ carbonuhs or borates also contract ai 
distort the corpuscloB; their prolonged action produces the samt 
TCHults as caustic alkalies, for without having previously rendered 
the nucleus visible, they gradually dissolve rhe corpuscles, leaving 
only aome few granules, which are held together by a tough byalii 
eubstance- 

If pus, in which the nuclei of the corpuscles have been rendei 
visible by dilute ncids, be treated with <:ohitinns of neiifrai alkaiii 
satts,ihG previously diiitended capsule contracts, and tbe nucl 
becomes invisible, whilst the whole corpuscle is much distoi 
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But, conversely, if we add an estremcK dilute mineral acid to 
piu wkieh ha£ been mixed wklk eueh a saline solution, \t rarely 
hflp|>en> tbat we cnn ngnin render tie nucleus visihle. On this 
account we can Tarcly detect the presence of nuclei in the cytoid 
<vrpU3Glcs of the urine in catarrh of the bladder by means of a 
dilute ncid. 

An ai^ueous Jtolufloji of iodine (1 part of iodine in 9,000 pRTts 
of water)i containing a trace of hydriodlc acid, does not coagulate 
the serum of ths pvis, but it imparts a yellow colour to the 
corpuscles, causte iliem to aw^ell, and brings the nuHei more 
prmninently into view* A concentrated soiutinn of iodine (whetlier 
tlic concentration be effected by chloride of sodium, spirit, or 
hydriodic acid) coa^lates thp scrum of the pus, and brings into 
Ticw the nuclei of tbe corpuscles which are not entirely concealed 
by the coagulstcd albunipn. 

Whatever evidence these nncro-chemical eiip crime nts may 
afford on the question of cndoamosis, they throw very little Ught 
on the internal chemical nature of the pus- corpuscles, and scarcely 
even indicate the direction we ought to follow in rendering the 
sepATate morphological constituents of the cytoid corpuscles 
accessible to more exact diemical inquiry. This much only 
t««m* clearly establishedj namely, that tlie investing membrane, 
the viscid contents, and the nucleij are substances very closely 
iJlied to albumen I nearly all of them exhibiting the reactions 
peculiar to the protein-bodies. The invatiing meinhrauB is a 
protein-body, which does not merely «well in a gelatinous manner 
in very dilute acids, but actually dissolves in these fluids. This 
property, which it exhibits in common with albumen and muaele- 
Bbrin, distinguishes it very decidedly from hlood-Sbrinj which 
swells up, but doe* not dissolve in dilute hydrochloric acid. This 
merabrnne is wiiolly insoluble in alkaline aalts^ and docs not dis- 
solve readily even in the caustic alkalies. These properties very 
strongly exhibit the points which mninty distinguish it from 
neutral albumen which is poor in salts (such, for instance, as the 
albumen obtained from an alkaline solution by neutralisation ftitb 
acetic acid and bv csceasive dilution, or by the careful addition of 
dilute spirit,) or from casein which has been freed from salt and 
acid faccording to Bopp's mode of exhibition), whilst its behaviour 
towards the caustic alkalies and their carbonates and borates 
makes it approximate more neariy to nmacle-fihrin (synConin), 
If the scrum of the pus and the viscid contents of the corpuscles 
ddmitted of being removedj the most practicable method would 
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of diliiU roin^rml acid* or omcaitmcd ■ofalMH ^ ofpaie «b^ 
vc are Mrarcclj crer able to ■■ncfewl m t^am^kst^ d^Hilvmg tke 
capwikw uf all t)>e corpoMdo, i^ohtt manefwv, tam m portkni of 
th» Tbcid coDtcnU almra rfonins im i Im wJ t ^ m the Wm of fine 
MoWcttlfiy vbicb eaiMM ahogctbcr be regwdcd m te, nee ther 
ouniut )te mn^l^ tu iliRtppear vbea liieliJ wilk edi^. Ae giml 
diiBcuhj of olrliunjii^ the nucid in e pvre iMe co n e u to ^ how e x cTj 
ia the coinplete iBipossibiUtf of lepantic^ the nndisMilTDcl 
pertirln by filtration or decanting. When tj«at«d wkfa etmoen- 
tmLril nitric or lulpburic add, or with chiumjc aod^ tbe ineteiial 
uf the nuclei exhibits reactions, which teem to place it in tbe 
tgr(Hi\> of th<! fin^tcin-^MxIies, vhilst tiie diffic^ty of ita tolotion in 
cimrcfiirntrd alkalioi, and tbe facility with which it dii»olrea in 
(lilutr cbUFitic alkalicn even more ra|iidly tlian ihe ccll-walla^ seem 
rathiir t'j hUuw that tljiH ftubntance posseaBcs cotiskkr^ble iffinitf 
witli tliD nuclei of the c«1Ih of the homy tiamie. 

We nrp iinnble t/k deride anything regarding the cheTnicsJ 
imturc of tlie Tincicoh, for when the cytoVd corpuscles arc digested 
witii dtluU alkalicH till their diatinctivc cbarapcter can no longer be 
rei'o^iiiMC'd, tfiere remuin, aa we hare already observed, more or 
leitn dtrjily tii][^ moloeulea, among nhich the nucleoli may 
)H}H*iib1y be prcncuti On treating these maases with etlker, i 
[lorlioti of UkO punctated maa^ diaappcars, hut mdividoal 
j^raiuilen are atill visible. But we are unable to decide whether 
thfHi* are lf»e n*rnaini* of the gratmlea which were previously visible, 
or whillier tlivy have iKen aeparatcd by tlie eUier; and hence we 
daiiotklukW whether the original molecular granules conaiat entirely 
or only in purl of fine fat-granulcB. If we treat tiic nuclei, which 
have boon obtained from pus by digestion with acetic acid and 
huhitrcjueitt decnntation (an far as tlda is praetieablej) with a not 
too dilute Kolutioii of potaabi vt 6nd that there la formedr 
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MAtrn^, > ^UtinouH mnsK Qlinn^t itiaolublc in water- This sufi- 
Monoc* which wnfl formerly beJievcd to be the mBtrix of tlic 
ntLcletili, and held to be a special material allied to homy sub- 
:5tnnoe (kerntin), has been as yet fiinnd to present no differences 
trxjoi the alrongly basic albuminates of potaMh, to one of which we 
bftvc already referred in toI, i., p, 333. Other protein- bodies, 
moreover, besides albumen, enter into similar gelotinous com- 
btDvtions nitb potnsh^ and, bke them, do not very readily i^isaolve 
in water. A great number of the aub&tances which hare been 
pronounced tc be keratin, ore nothing more than compounds of 
ftirongly alkaline basee with protein-bodies^ 

In ibe eKperiinertts on pus made by Mesiiersrbmidt and myself, 
Ut wh»cb I liave already referred, we were lead From rerlain re- 
■otiofiA to the erroncoua conclusion, that we had been able to 
difitinipiiHli <ieFr>ral varieties of fibrin in the capsule, nuclei, and 
nudeiili, an error which, nn fortunately, met with more general 
apprnral tlian it deaerved^ considering the state of acienee at the 
lime. We believe that we have now shown that there are not 
■nffioent grounds for regarding any constituents of the pua-corpus- 
elea ma identical with fibrin, anil we need scarcely repeat the remark 
TC haTC so often made, that it h injurious to the cause of science 
U> attempt to identify or name different aubatancca without having 
had the power of cloBely investigating them- A deficiency in our 
knowledge is in such a case very far preferable to the mere 
accumulation of vague bypotheBcSi 

We have already shown from direct observntion (voL i, p. S59) 
thit/bt is accumulated in the corprisclc? of the pus. 

We are, unfurlunjitcly, stlU deficient in observntlLius sihicb 
would enable us to judge of the quantity of safls contained in the 
pU9-enrp uncles when compared with the amount present in its 
ftenim. 

We now proceed to consider llie constituents of the seritm of 
iht pWt This Huid, when we can succeed in skimming it from the 
corpuscles, which only sink very slowh% is found to be entirely 
eolourleaSf or ofa feim yellow colour, and perfectly clertr; itrarely 
oontaina fat-globules ; it baa a faintly alkaline reaction^ and coagu- 
lates on being heated^ most frequenUy into flakes, but sometimes 
in the form of a dense white mass- Acetic acid occasionally re n- 
dcra it strongly tarbid. 

The aifttttaen of the intercellular fluid of die pus docs not differ 
from that of the blood ; at all events, all its rcactiona correspond 
perfectly with those of ordinary albamen. Moreover, the f|uantity 
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of nibuinen in Iho aerum of the pus is very vamhle, according to 
the source from ivhencc it is deriretl ; in tlie fjur aituly?ieji «hich I 
nraa alone able to iDake, 1 fourtJ from \-2 to 3*7 J of albumen in the 
Bcnun of the pua of different persons. 

Mucin U not present in pus, except the ktter has been 
obutinecl from intlamed mucous membrHuea ; it msiy in general 
be easily ^Iistingui^hett by a microscopical exaiuination of tLe pi^ 
cipitate frotn other substances, which arc prccipitablc by acetic acid. 
It presents an appearance of vhitish striped flakes or membranes 
(see vol. ii, p. 3^)^ 

Pyin U a aubstance which Iji Iu like manner precipitable by 
acetic acid, although it differs fram mucin as much as from casein* 
This auhslflnce which waslirst shown by Giiterbock** to Fje present 
in pus, is not of constant occurrence; it is certainly absent fron^| 
the pua of wounds in healthy peraonS' Guterbock obtained i^^ 
from the pus by coagulating the latter witli alcohol, and extracting 
tlie residue with water- it is remarkable for being precipitable 
with acetic acid and a snlution of alum, whilst it remains perfectly 
ixiidissolved in both these fluids. Notwithstanding tbe frequent 
notices of this substance in works treating of pus and mucus, it 
has been very imperfectly inv'estlgated. Mistfikes niay, however, 
easily be made; thus, for Instance, on coagulating tbe pus, tbe 
fluid becomes more strongly alkaline ; the alkali dissolves a |)oitiun 
of the coagulated albumcnj and this solution, when acted upon by 
acetic acid, deposits a considerable precipitate, but this latter does 
not dissah'e In an excess of acetic acid as rapidly as one migl 
have been Led to expect from the assertions of most writers, 
mistake may, therefore, easily occur even when (he absence 
mucus or casein can be demonstrated ; tlie latter point is Jiot vei 
easy of pruoF, except in some special cases. Schererf has Mub- 
miltcd pyin-like bodies to elementary analysis, and in the course of 
these observations he found that what had been regarded as a simple 
substnncej and supposed to be pyin, consists in ftict of very variout 
substances with the most different composition, Maiiy persons 
have considered pyin to be an oxide of protein^ indeed, as Mulder'a 
tntoside of protein \ but it ^ill he found on a closer examinatiofll 
that the reactions of pyin do not correspond belter witli tbiii^ 
sulislflnce than Sclierer's elementary analyses of the latter do with 
Mulder's analysis of the tritoxide. Many authors are of opini 
that pvin may be a transilion-stngc from fibrin to gclatigen 

* De pari* imturfl ct larmatlone ; dJ9, iomg. B«i^l \bSl^ 
f UniorsucJiuiiaan jbuj Patholcgiff, S. e&-9€. 
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b«roc< or ft priKluct of fiTiriii entering into a stAte of suppur^lion ; 
but Oiese conjectures have not hitherto been confirmed by the 
positions in whicli this substance occurSj so far as they haye yet 
been accurateK observed, or [)y its cliemical rejictions. 

Schcrcr has submitted to elementary analyaif* several specimen* 
of pyin obtained from different exudations, and has found that 
their composition was almost precifiely the aame as that of protein; 
however, lie also fnund other constituents of llie exudations wliich 
appeared very similar to pyin, but differed very much fron» it in 
composition, bein^ especially remarkable for their abundance of 
mtro8en{=22"3ri|). 

Casein doen not occur in normal pus, and its presence has not 
been proved with ccrtwnty even in abjiormal forms of the score- 
tioij. T\\c deficiency of our knovrledge of the protein -bodies and 
their immediate derivatives is nowhere more forcibly shown than 
in the investigation of pat hoi ogi pal products. 

'Hlc qtiarttit)- of fat in pus, Llie occurrence of whicb has been 
tegarded as highly characteristic, differs extremely according to 
tht! source from n^hence it is derived; although, when compared 
with the amount contained in many other fluids, it ia rather large- 
It is ver)- considerable, and is always present in all abscesses of the 
mammv ; cancer of the breast, however, always exhibits a larger 
amoont of fat than any other carcinomatous growth. In ordinary 
pus the quantity of fat varies, according to our observations, which 
agree with those of Giiterbork, Valentin,* and von Bibra,t from 
2 to 6J, The different fats seem to consist of olein and margarin, 
alkaline oleatcs and margaratcs, and variable quantities of choice- 
terin. We cannot entirely admit the correctness of Simon's 
view, wbo held that the fat-jilobules which appear on the addition 
of acetic acid to pus, consist principally of liberated fat derived 
from the corpuscles^ since it may also be dependent on the decona- 
posltion of the soaps dissolved in the pus-serimi ; and, indeed, fat- 
gtobules are often perceived in pus-serum after it has lieen treated 
for some time witU acetio acid, which were previously not to be 
perceived Pus occasionally contains a tolerably large amount of 
cftoiateririf and Talentin found as much as 1^ of this substance in 
pus which had been taken fmm an abscess in the thigh. On a 
(sreful examination of the masses of fat extracted with hot akohol 
und ether from the residue of the pus, a little fat containing phoa- 



+ Chvm. UntCTiBth- veraohie^cner Eitcrarlon v. •. w. Berlin, 1312, 
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lih^rufl inAy dvaft he detected in the residue whkh b ia«oi 

Normal pua gcneTnlly contains from 14 to IGJ of xo^id con- 
siittienht The purulent csudation* which occur in serous CAviticft 
and bad ichorous pus, often euntaui a staaller amount of nolid 
constitutenta- Tteae lolid maUers contain frum 5 to 6J of ml nerd 
or inorganic subftt^ncea in the puA of healthy persons, whiUt tiiu 
amount ma^ riae to 10 or even 14^ in hhA pus and in vaterj 
transudation*. The ratio of the inBoluble to the soluble saJts in 
healthy pus varies from 1:7 to 1:9, whilst in had pu< it 
often — 1 ; 15 or cvtn 23. It follows From theae observations, 
that in bad pus a greater or smaller C[uaTititY of simple trtmsudati 
must hare become mixed with the true plasma uf the pus. 

The tTUioltihfc taUs of pus are those whieh ui^ually accomj 
tlie protein- bodies, namelr, the phosphates of lime and ina°:iicai 
in addition to which there is always a rariahlc amount of car- 
bonate and sulphate of lime generated by the process of incinera- 
IJoti- There is, moreover, always some oude of iron to Ije deiecfed 
in tbc ash of pus, even when no trace of blood'Corpusclea is tv be 
discovered in the frcsfi Buid- 

ChU/ride of sodium constat ates the principal part of the «o/M^f« 
italU of pus. H. Nasse long «nce drew attention to the fiact ibat 
the serum of the pus and its solid residue contained three timea mora 
of this substance than the blood-serum and its solid residue; and 
even when the qtiantiry of the chloride of sodium oftlie whole pus 
is compared with that of the blood-serum, the former is always found 
to be the larger. A comparison between the cldoride of sodium in 
the scrum of the pus. and that which is present in pus rich in 
corpueks, shows that here^ a£ well as in the blood, the larger pro- 
poition of this salt Is dissolved in the intercellular fluid, and that 
a very small quantity only is coiUained in the pus-corpusclea. 

The ash of the pua does not ci>nlain a very lar^ amount of 
Bofufife phosphaiegj but, as we have already stated, no approximate 
estimate or definite relation can be eHtablitihed between these and 
the other salts, Tlie quajitity of soluble phosphates in the a^h of 
different kinds of pua viiried between 3 and 10^- Moreover, 
quantity of potash in the different kinds of pu4 did not admit 
being definitely deieraiincd ; this much only was constantly o 
aerved, tliat there was alwaya more potash present th&n in the 
intercellular fluid of the blood. The experiments made on the 
of rabbits did not lead to any morede^nite results. 

I succeeded by the same methods which I employed in 
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of the hlooj and the Iranfiinlnljons, to Bhow the presence of 
tie cay-bonafes flndyrcf carboaie acid in the pus. 

In Uie pan, as in almust all other eKudationn, we meet with 
hiU-p^st^nl^ the Miliary actdt, urea, and suffar^ as incidental 
constitucnts- 

Glycocholate and taur^cholate of soda were frjund by one of 
my pupils in puB from a large abscess in the thigh tif a patient 
iritk catarrhal icterun^ another pupil found «u^r in the purulent 
discharge yielded by- the blistered surface of & patient with 
dia-betes. 

We may conclude with the supplementary remark, that mnr- 
pholcgicfil elements which do not) atrirtly speaking, pertain to puB, 
Eire sometimes found in it; araongfit these we must reckon the 
fibrinous cofigula vhieli are often met with in auppurative exuda- 
tions wLen they liquify into pus (pneumonic sputa). In the pus 
of old abscesses^ and iu the ichorous discharge from ulcers, we 
very often find cryistals of phoBphate of magneaia and ammonia, 
not unfrequently vibriones, and sometimes microscopical fungi and 
CO nf errs. 

jicid ptcs is probably of very r&TC occurrence in ttic animal 
body ; wheu pus has continued stagnant for a conuderablc time ii> 
the canity of an abscess (in what are termed cold or congestive 
abscoaes}, it very generally undergoes alkaline femientalion ; it then 
CODtaiiui some cai&onaie of ammonia and triple phosphate, licaidcs 
% Iftrge amount of au/phide of amjtioniuta, 1 hare only found the 
purulent exudations present in some few eases in empyema. 
PKiliisicul patieiLts sometimes expectorate sputa having an acid 
rcAetkm, although no acid sul>atance had come in contact with the 
expectorated mcitt^rsi either whilst they were passing through the 
mouth or after they were thrown up. The rare occurrence of acid 
pus is the more remarkable^ as it very rapidly turns sour on being 
iefk in imperfectly closed vessels* When healthy pua is auflVrcd 
to remain for several days in a corked bottle containing a certain 
amount of air, and exposed to a summer temperature^ we ^nd on 
examining it under the microscope, that the corpuscles have 
iirelled and become more transparent, whilst the tissiuied nuclei 
arc filso speedily brought more distinctly into view; after a longer 
time the reaction is decidedly acid; numerous isolated nuclei 
without a trace of cell-walls, and some few perfect corpuscles, are 
been under the mLcrcscope, and interspersed amongst the cor- 
puscles and the nuclei are innumerable mokcular granules, whilst 
here and there we may detect tablets of cbolesterin and a confused 
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mMA Cjf tbrGads of ninrgarin. After pus has continued standi 
for sevt-nil months, the different fats appear in the most Ijcautiful 
fonufti such as no artiticial means are &ble to produce* Even 
with the n&ked eye we may detect vhite granules hero and there 
in tlie pus; these gntimlea consist partif of a eonfused mass tif 
fine tlireada of margBriii, hut dilcfly r>f enaifornk^ 1ilj>leaf-&htipetl, 
varkiu*!)' cotitorlcO and ifkleracctiitg bundles of crystals of marganc 
acid, ill which are embedded separate groups of tablets of 
chok*stenn, (F. P, 11, F,5)- 

The distinctions between pus and mucus, which so largely 
attracted the attention of tlie physicians of an earlier day, have lost 
all their auppoftcd importance, since modern physiology has shown 
that the two fluids are separated only by the moat gradual transi- 
tions, and tiiat the niut^us in inflammatory alfectiims of the inucoi^H 
menihrane grndufllly presents large numhera of cyto'id corpuscle^^ 
together with alhumen, and thus acquires great similarity, if not 
a perfect Identity with pus, both in respect to its physical and 
chemical characters. Even the quantity of fat in the purulentfluid 
secreted by Llic mucous membiaiie in a atate of in fi animation, n 
very often fully ecjuol to that of genuine pus, a fact to which 
Giiierbock attached great diagnostic value. The pus of the 
mucous memhranes commonly retains the property possessed by 
mucus of gelfltinising on the addition of water or acetic acid, 

Rokitansky's ichorous cxudtrlion^ con^vtitute an i Undefined 
group, corresponding in many particulars with alhuminous exuda- 
tions. Tlieir chemical properties differ as much as their physical 
cliaracters ; many are also entirely inaccessible to chemical investi- 
gation, which would, moreover, be wholly useless, as they fre- 
quently are nothing more than simple products of putrefactio 
and the detritus of tlie dead (gangrenous) tissue. 

In like manner we cannot ascribe the acid reaction, which, 
more frequently observed in theae than hi other exudations, to 
organico-vilal process j nor do the scanty chemical investigations 
which we |>os.sess aflurd the sllghtpst insight into the true source 
of tlie irritating character of many of these exudations, more 
especially of those which were originally coagulable, and deported 
elota of fibrin. 

Rokitansky^s hatnorrhagic exudations are even less amena 
to chemical inquiry, and do not> therefore, fall within the scope 
the present work, aince they cat) only be considered from a pu 
anatomical point. 

Ths heamorrhagic exudations lead us to the considerati 
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of ilic metamorphoses wliich the blood untlcrgoea when it stag- 
Ti4tes in vessels ivhich have become ocdudetl (in IhrombuB), or la 
pflused in indivulual tissues (as in extravasions and apopleolic 
centres). Many of ihe uKtst distinguislieJ inquirers liuve uiEitte 
titia qocation tbc subject of the caoat careful mveatigat'ions; the 
morphclogical metomarp hoses which occur in such sarjguineouB 
«X[rava&;it)ons have been observed under tlie microscope, from 
their csrliett origin to tlieir persistent coitdiLiDii at a certain Rtage 
of development} or to their final Jisapjjearfifice ; yet, notwith- 
standing nil thedc researches, many of tJie points already ohaerved 
remain obscure and wholly in explicable, the different opinions of 
inquirers being here more entirely at variance with une anoiJier 
ttan in any other department in tJie history of develupmenli Tlie 
chetfllcal history of these exudations is still more deficrcnl, for 
here we have actually no observations. Histologisls have en- 
deavoured by the aid of certain micro-chemical meana to throw 
some light on this oliscure aubjett; but these iiltenipts have either 
been of no avail whatever, or have yielded very douiitful results, 
— an apparently similar structure behaving differently in different 
cJses under the same reaj^ents. A. similar remark may he made in 
reference to the development of patliologica) exudations into those 
almormnl cellular masses which especially characterise cancerous 
fitnictures, or into those tihrous tissues wliich wc meet with in 
fibroid tumours. Many younij physicists, deapairing of the possi- 
bility of explaining these mattersT and the procBHses on which they 
depend, by chemical mcans^ have probably shared with us in the 
•an<;uine CKpectatfon that histology, which had already thrown. 
so mneh li^hl on the development of normal tissues, would aid 
DOT chemical researches; but in these expectations we have 
dfiUftnded more than ciiemistry is able fo accomplish, whilst we 
hare also probahlv underrated the extreme diversity of these 
highly complicated vital proceHses. 
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Amteh having traversed tlie e:itenaive domain of tbe organic 
Mil^trata, which s^rre as the solid hpisU of the :^ori-vita1 proce^neii) 
*nd endeavoured^ in accordance with the principles of an cnlight- 
ctieii physical inquiry, to form a correct estimate of tlie chemical 
and physiological \'id\iB uf the numerous members of those grou[>*i 
uf atoms which serve the aiklmal bndy both as materials for its 
fttnicturc, ivnd as t}ic means by which its movements arc cfTectcd, 
we al length approach the special aim of our inquiries^ namely, 
the study of the phenomena manifested during life in those p&rta 
of llie aninial organism which we have been considering, and the 
frlncidation of the internal connection existing E)etwGCn BUeh 
diversified phenomena and the causes on which they dtpciid. 
We drew attention in the introduction to the present work (see 
vol. if p. 1^] to the maxims and principles which ought to guide 
twin our Attennpt to unravel the hidden procesaes of material life; 
we will not, therefore, enlarge upon our jirevious remarks, or 
Hcpaiute any further upon a subject which has been treated with 
so much more ability by other writers, as, for instance, by Lotae* 
and John SUiart MilLf Yet, when we take a survey of the col- 
lective mas3 of positive facts, we tind a mere aecumulation of 
diajninled fragmentSj the natural connection of which we are rarely 
able tn discover, slnc^ we oftmi lack the liitervenihg links by 
which alone wc should be enjibled to follow the eiidLc^s chain oi 
r\in\ phenomena- A CAreful study of the material substrata of 
animid life, as far as the present condition of science admits of 
»ucb an investigation, cannot fail to slujw us bow far removed *ve 
rtill are from obtaining a scientific basis for a true inductive 
trt&tincnt of the material processes of life i and, indeed, it would 
iJinost seem to require the marvellous powers of combination of a 

• A l]g<nn, PhysiolDgii' dos kfliT^crlichen Lebcns. Lci|iA. IflCl. 
t A 8j4tem of J*cific, Tnlionntive and indiiei-ive. LoTulon, 1*H5. 
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Liebig to collect U^ther stkI combine into a connected whole 
scttitercd threads vtJiich cDnstitute the materials for the study 
the metamorphoses of animal matter. 

In priHzeediiig to a minute investigation of the chemical 
L-easea in the animal or vegetable organism, we usually \te^n 
conEidering such queations na — whether the masses aoteil upon 
4liff<?rent forees in vital phenomena differ esseutiallv from those 
vhich we have studied mechanlcBl or physical furces? — whet 
»ll those differences which force themselves upon our notice in 
small number tnJ in n very decisive manner, on com 
together organic with inorg^nnlc. and orgiiniaed with crystallised 
amorphouA bodies, arc owiiL^ to es!«entiuUy differeiit causes, 
arise stniplv from a muliiplicitf of iutcrmerging forms, and o 
correspond to the more prominently marked points of limitalion 
in the frequently intersecting series of qiiaJities^ This is not a 
question, however, which we purpose discussing at the present 
time » fur, as we have already observed in our lirief notice of it in 
the introduction to the theory of the Animal Suhstratn, it hia 
been finally set at rest by pure ehemistty. The belief which our 
predecessors dierishcd of an Jietual principle of vitality has passed 
away with them, and to attempt to attacli even a acniblance of 
reality to this exploded notion of a bygone period would be at 
onee to condemn the most brilliant discoveries of the last fe 
years, and indeed the whole labours of haif a century, as the m 
fcstations of mere delusive chimeras. 

But whilst pure chemistry ha» shown ua that the laws whic 
control the cohesion of different atoms in stones and roclts are 
the same as those by which the i>ersistence of tlie atomic com- 
position of animfll and vegetable aubstancea is maintained, the 
theory of the animal substratii, Juicea, and tissues, affords a proof 
that the quality of the different particles of matter which serve as 
points of applieation for tlie active forces which eibl in the 
animal body, invariably corresponds to the functions required for 
the performance of the purposes of life* When we pass in jevicw 
the delicately linked series of chemical combniatiooE taken by the 
animal body from that laborntory cf all organic bodies — 
vcs;ctable kingdom — or generated anew within itself, the i 
involuntarily presents itself to us, that the chemical quality o 
substance for the most pnrt corresponds to its physiological import- 
ance ; thus we find that the mure complex atoms, the cbcmieal 
particles of which have a less stable equilibrium, occur es|iecially 
wherever the higher functions of material life are manifest 
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IRI^bo, ve had occa«iati Ut iiatie<s Qt tlie dose of L>iir dvaorip- 
tJciii of Biiiitial iiLatten?, t]iat. tven thijse more urgAiLlsL-fl uurnis 
vliich 4:u[tsULutc the uoie bimple auhstrata (if the aiiiiiioJ ll^isutia 
MTC alvraya furmed iii accurdunce with the fanctiaika nhicJi lliey 
contml or Che lorces with whicli Ihuy' are cunnected. tlowcvtr 
strikingly this observation seetns tu l>e confirmedj wlierevcr t)i€ 
ditmical movemBnta of the atiimal iKJily full under our notice, it 
need not excite our si;rprise ; for when we only ohserve ihc known 
kwft oi molecular luutitnis, we perceive UiAt their mamfcslationa 
in these particles of matter must Ue different from those in 
inursanic nature. The maiiifcslatioii uf e^ch force la L<oiiriected 
vitli the nature of the maas \vhich is to be acted upoo, whiUt tlie 
tfiecta depend npon the circumstances uitdcr which the furce is 
brought Ut hear upon the mass, [f, therefore, we uholly disregard 
the question whether other forces ihnn those with which tlie 
physicist is familiar may not act upon these masses, H];ch forccH 
«.jipertaining e;tclaaiTely to life, it follows a priori that the resulting 
actiun of these physical forces will be very clifferent when eserciacd 
upon inorganic particle^^ (H'hich, althoui^h diSercntly formed^ 
preserit identical principled uf structure^) than when applied to the 
^Umier forms of mineml auhatancea. Thi» projioaition require!! 
^^Viurther dcmonatratiou, but >t indicates the direction wc iim^t 
fjUow i! we w<ju!d attempt to trace the internal conneetitm of vital 
phenomena in their hidividual phases, and ihnE irvestigate the 
viriouK processes of animal lift- 

Wc hav'Ci in accordance with the plan of our worh, passed in 
review the general meehanism of the animal oi^sinism, and con- 
ndered the chemical nature of the individual parts; we proceeded 
next to investi^te matter and its endless variety of forcod, without 
howcrerdircctini^ more than a cursory glance at the motiona of the 
individual paria, or the various piicnomena of physical life. ^Ve 
have now to enter into the phenomenology of the individual mem- 
hcra of tins vast »erie», postponing our invesUgalion of the forces 
through the a^cnry of which the phenomena arc called forth» until 
we have ^incd a sufhclcnt knowledge of the qualitative and quan- 
titative relations of the individual phenomena. This is the simple 
and only pracliciJile method of conducting every physical inquiry, 
nnd licnce we ought not to neglect it in physiology- Nor cmi we 
cnt«r into a causal investigation of the objects of our inqmry 
before we have considered the phenomena in the living organiBoi 
from all points of view^ and aacertnined its relations of mass and 
Wright- We shall have occasion to perceive, in our attempts ta 
Mfcr individual phenomena to their controlling causes, and to 
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sioiullaneoa&Iy srattered over its suiface; wo know that i< 
tliousands of years sn escuberant TegeUition coTCred our gl^jbe^ 
befure tlic aaii Lad matured ibe first gi^rni of animal life; &nd ire 
are equally convinced that it was only subsequently to the mo3t_ 
recent revolutiona nn the earth's surface that tlie higher Rn'utxt 
were (^rented, and thai, Isst of all, Man app«tred. But here 
|diysica1 sL'itrnLtrs lead us tn n boundary* uliirb we JiKtinolly 
cogniBc as such, and know that we can never pnssj without leavin| 
the domain of phytncal inquiry for ihe rei^iona of nietaphysii 
But it does not follow that because we are unable to recoj^ii* l\ 
origin of certain natural pbenomena, we may not Ije capable 
curapreheudiiiii their subsequent course. The human mind di 
not turn aside frum the study of the movements of the hoavetd] 
bodies, beeau?ie it does not» and never can hope to know the 
origin of their motion ; and its efforts have 1jeen successful in 
aLtatniTig tlie must exact acquuintance with the laws of those 
motions, and the course of tlie motion when onec imparted, and 
haa even been able to predict what those motions will be at a 
future period ; for the laws remain everlastingly uncbangf 
allliough tbe privtma movena cannot he recogiriKei! after lL hi 
once imparted ihc motion which obey* the laws, Tlios, loo, ii 
respect to the primary formation of organised Ijodica, either 
Steeds or ova, no inTestigntion wJU ever show liow the germ 
originated, or \i'bat regulutcd llie first creation of ova and seeds; 
yet^ notwithstanding this^ we are a^ well able to investigate the 
laws of the organic motion that has been indiKotl, as to study thc^_ 
regular movements of the heavenly bodies in their orbits \ for, a^H 
in the regions of space* ihe first moving force merely gave the 
impulse to matioo and regularity, and did not agaift^ by renewed 
indueuee, affect the motion impari;ed to the created body,^ so olsd^l 
when tlie foree by which the germ was generated^ bad implanted 
in it Lbe laws nereasarj U\ eftecl its development, and to control 
its further elaboration and asBimilatior, it ceased to interfere witll|H 
the lawfl it had establisbed; it fpivc to the living oT^nium no 
guide or guardian by whose agency the sacred biws of its being 
were to be modiiied or niiracidouHly suspended. Tlie true miracle 
of nature is the oncbangenblc regularity of the cour:>e of all^ 
phenomena. Since, therefore, conformity to law has been im^l 
planted in organised bodies, we nuiy hope, although perhaps at a 
later period, to examine the lnws of organic nature as iiecurateli 
as previous genemtiuus succeeded in elucidating the pby8ica1 1ai 
of coamical phenomena. 

Although ill our study of the animal organism we frequently 
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tMci with plienomeika which we cannut deduce fmiii ktupwn 

cbttmchi pTinc4il<>3j oncJ which indeed seem to be in tllrcL-t oj>|]0- 

ntion U> them, we muEt not at onee conetude that tlie laws of 

at^ftity UK partially or wholly inedicient in these cases j nor 

Ahuuld »e supiKise ih&t there ia any marvelluus interventioEi of 

Bomc force acting with a definite [lurpose. Tlic chcmicnl force is 

iiotdwtroyedT ^^^ ^'^^ exltnial relations, which controi its activity, 

areAhered. Force is obTiously nothing more than the expression 

tllK cause of iiaturdl laws ; if^ therefore, facts do not acrx^rd with 

InwB, we rau»t cither have furmcd a misconception of the ideas 

uf tJiCse laws, or, at ull Gv&nts, we must have iiH|)erfccllj- invcati- 

gited the different ei re um stances ui^der which they were exhibited. 

Tie rebuilt of furccs (which, in a ph}'!^ical sertiiej la only a short ex- 

preaaioii for the Eawft) must necesBarily he different under different 

itditions, 

Albinus* toot no superficial view of the organic activity in 

nnttir^ when he e»t;Lljii»hcd the axiom that the easenee of vital force 

conaiatcd in motion. Even if this expression be far too general 

lor or^nic action, it cannot bo denied that we assume hfc to exist 

wherever we perceive a constant dternation of phenon^ena and 

iiM?e«sant chung^s^ induced hy the constant nrotion of tlie moleeuEea 

of the organi'sed body, as well as of the organs themselves. 

Although Albinus overlooked the fact that, on tlic one hand, some- 

tltitig more than this is necessary to vital action, (as we here for 

tii« most part consitier the grounds and object of motion, often 

without comprehending its primary origin,) and that, on the other 

hand, we recognise a i>crpetutLl movement in the heavenly bodies 

without assuming that tbey are on that account jwssessed of life, 

this proposition la to a certain degree correct, when we limit it lo 

the aubHlrata of vital manlfestiitioua — to organic motion; for we 

find that wherever matter b endowed with lifCf its chemical 

molecules arc endowed with incessant motioni 

Melamorphosea are eoncintially developed in the malerial Bub- 
atrsta of the living bndy> Physical forces always strive to main- 
lAin themselves in equilibrium ; the matter set in modoii by them 
tinds, or, at ail events, may iind, ita centre of gravity — its point of 
retU Physical furcea continue lo act upon matter after il has 
attained ita position of e([uUibrium, for it is oiily hy opfiosite 
actions tiiat the equilibrium CTtists. A l>ody which is moved hy 
^yaical laws appears alwEtya to tend only towards a state of rest ; 
inorganic chemistry continues active^ and induces motion and 
jnetamorpbosiB until the closest ufhnities are satJsfierL 
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TYic case is very <)jffcrent when physical forces act under 
or^nic C0ndittQD3, or whc^n motion occurs in orguni^ed b^i^, 
for here we 6Tid & lendency to persUl^ncf ; ererything ihal 
IH brougljt into ihe Hue uf dlrec-tjon of these concurrent forcr^ is 
impelled to siiuilar motioctt and although a temporarily prcpoa- | 
derating force may Ijc anlngouised, equilibrium will not be iuduteJ ; 
for equdtbrium is real, and in rest there is no lifSj &iid in equili- 
bnum there is death. 

If ^e may be permitted t^ bring prominently' Forward iomt ^ 
few cauaca from the sum of the cundillons under which physical 
forces net in the motion of liring bdngB, tliere ore tiiree cliaracter- 
ist\c |>oirits whirh a[)pear especinlly to challenge our atttiiilii>ii> 
The (jLK^tion arises liow tluH persistence uf motion, which can oLilf 
be matnuincd under purely mechanical conditioiis, coii exist itidc- 
iwndcntly of vital stimuli. We are acquainted with a number of 
purely chemical motions or processes which require for their 
HCGomplishmeiit a certain duratiun of time, or, in other words, a 
longer interval, to cquahae all the conditions of a^ity tha^^ 
is required for the usually instantaneous etiTects of cfaemic^H 
AfKnityH We need only refer to the solution of fibrin m nitr©- 
waler, to ti»e deciiiiLpoBition uf alcohol by eaustic alkaties^ to 
the formation of numerous compound ethers (Liebig*), and ino^H 
especially to the proccsace of fermentation and putrefaction. I^^ 
the meanwhile, notwithstanding the occasional constancy of all 
Ihesc chemical muuons, they differ in a very marked manner 
fruni orgaiiieo-clicmical actions in living organisms. Thus in fer- 
mentation and putrefaclioTi wc observe that the chemical motion 
exhibits a tendency to\s-ard3 the simplilicntion of the radical— a 
tendency to equilibrium ; in these decompositions there are alwa 
produced more fixed combinations and more persistent hodi 
until at length there are formed either undeconipoacable radicals 
their most constant conibinationsj upon which equilibhuui or 
follows. We perceive no tendency of tin* kind towards equilihn 
in ch em i CO- vital motion ; for here one motion is produced only in 
tirdcr to call forth some other motion, the object of the melmnor- 
phosis being merely to effect a new change. The molecular motid^| 
itself is thus maintained by motion, and gives occasion to nei^ 
motion; n subittauce undergoing metaniorphoifis ^ives origin to a 
new substancct which in its turn becomes the source of ne^M 
motionj that is to say^ new aubatanccs are formed by chemic^^ 
activity which are not characterised by their constancy, as in 
putrefaction and decny, hut nre distinguished by their marked 
■ Ann. d, Ou u. rWai. IM. IJA, 5. 3aD, 
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tendency to gOTici^te new mniion^ rjcw tlccom position, and new 
mctikmorplwtia. Hence wc also observe that in procCBBCa of the 
hig]iC5l vitality in the or^rans, tlie roost tlecomposeablj* siihstanoes, 
even selWeconijiosing bodies, are formed- Diuslaae, ptjfilin^ and 
pc|»in, the moat readily decompose able substances, are produced 
only during biirh orgnnico- vital activity; but owing to thti incea- 
»ant metamorphoses which Ibey undergo, e^'en wbiht they are being 
submitted to chemical iiircstigiLtion, they have been but iniper- 
fcciK examined. It is not, therefore, the capacity for repose in 
inert matter, on which Ibe persistence of motion, and consequently 
life, depends; for the return of the molecules to a state of rest 
is preventerl in Hie same manner a*i filing when a man is walking 
or running. The chemical molecules are not in a condition of 
stable equihbriura or of tbe stron:'est'affiiiityi but the act of foiling^ 
the more constant union, the suspension of motion, is prevented 
hr another simulliineous motion, the centre of gravity l>ecoming 
unstable, and the manifestatiol^a of uRinity being kept au co'Jrant. 
In consequence of the varietv of snbstancc9 which are brought 
into contact with one atiotlier during the raetnmorphosiB of matter 
in plants and nnimHla^ one molecular mass is hindered by another, 
durin;; the general motion nnd transposition, from attaining its 
uaturnl centre of g;ravity» and is constantly drawn aside into new 
directions at the time it was striving to acquire equilibrium by the 
most powerful forces nf affinity. Many poisons destroy life merely 
by suspending the a4iic)n of some of I he fsictors of organic iihMioii ; 
in the same manner as in fermentation and putrefaction, the apccittl 
cxcilcni of theae processes induce chemical equilibrium. 

Organ icfi-olicmical motion is the most complicated of nil mole- 
cular ehanges ; for besiJea tlie many new substances formed at one 
»pot and at one time from other substances, there bUo occurs in 
an CTjual dcarec a disturbance and a new arrangement of tbe 
purticlea of the previously formed bodies. We may here instance 
the muscular tissue, in which the muscular ^bre is formed^ and 
wbcrc, after it bas continued for sonie time to subserve the higher 
purpOACB of life, it undcr^rocs a new metamorphosis in the mnscle, 
aimultaneonsly with the formatii>n of new fibre. Thus we have 
-tere, at one and the same spot, the be^^miing or origin of a sul>- 
Hvnt^T it3 persistence or adaptation, and its termination or disso* 
intion. Occasionally, one or other of the factors of motion 
becomes consolidated, without passing through the general course 
nf tbe ordinary phenomena; an aggregation of molecules is here 
brought to a stale of cheraicn] equilibnum, and fnrnia a more con- 
itant cxtmbination; individual groups arc brought into rcatj and 
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hcooiitc deposited ; \rt this mimncrT fur iuAtanf*c, fut iind horn-c^lb 
arc produced in the animal organism* und gum, resinv, and oi 
in vegetable bodies. 

Ifwe cnnsider life in tlie i^rganic suliatrate from this point of 
view aa ar inccaaant movement of moleculi^ nnd molecular a^ 
gations^ as on uninterrapted process in which beginning, progresv 
and termination of motions intepsect one anorher at the same 
time, it will no longer excite our surpnat' that the chemist ha* 
hitherto l>ccn unable to trace |3hy3iuloi»ico-chcmiL'al processes in 
their various dixvctiona, to detect from amid a seeming chaos all 
tile substrain which concur in eflTetJting such n process, and l<i 
determine witl I cjiactness their diflerent properties. Nor most the 
chemist flalter hiinsclf that he can at once, in the midst of the 
perpetual metamorphosis of matter, arrest the life and motion of 
the organic substrata, and thus eyamine the position of the 
chemical molecules at the moment of rest; and He would be equally 
it] error were he to assume thnt the substances he has aeparated 
are entirely the same aa they were when all the molecules in the 
organised body were in a state of vital motion. It is impossible 
to arrest at will the maehinery of moleculflr motion^ 1^ bring the 
moved parU at once to rest and render them rigid, to mahc them 
maintain the same unstable cquilibriumf or to separate the indi- 
vidual parts of this chemico-vital mechanism. As we are not able 
to analyse ferments because it is by the very act of self-metamor- 
phoaia thnt they c;cncrale fermentatiouj so also does it defy the 
efforts of the chcniLsl to investigate organised raattcritaeU ; for hi 
solvents and reogeuls effect only the products of molecular mott 
in the living body, but not the act of motion inself. If the sraipe" 
of the fluatomistj which only reveals to us the ofteii-mnngled 
structurea of life, has yielded such grand and brilhant results 
recording material life ns to form the basis of physiolosA'j what 
may we not look fora'nrd to from the nttainnicnt of a more pro- 
found insight into the molecular iiiovemciits? or need we wholly 
despair of being able^ by physical investigations, to discover some 
magnitude!^ which will enable us to calcuktc the highest unknown 
magnitude? ^H 

Many persous have found it very difficult to understand ho^™ 
inorganic matter derived from the external world, can become 
subject to organic laws widiin the sphere of the living organism, 
and undergo the metamorphoses appertaining to that sphere widi^_ 
out the co-operation of dynamical laws belonging exclusivelv l^| 
life. It was thought llnit the magic circle of the vSlal prineiple 
was sutficiciLtly restricted if (he mineral subatnncea which we meel 
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wilK ill tlie organism vtrrc regxrtled as (leyond the limits of viUil 
finrce. Aasirailation and rqjrodnction, like growtli, were rc^nled 
u iticxplif^nblcT according to phyaical Ijlwe. But altJiou^lL many 
individual points may defy all allemjjta at explanationj we can:int 
ituubt llmt these phenomena must he auaceptilile of a general 
c\pIaTiation : for if we limit ourselves to the knowti ]>lLcnomeua of 
luotiuji, wn shall Bnd that tliere is not any mdispcnsnblc uccesaity 
to assume that thia kind of molecular raobon requires the control 
of any ^iirU agent as vital foree. 

VVc meet with very many caaea iii which several bodies seem 
to induce in other bodies an action similar in force to the one they 
exbifntj although there is no appearance of a relation of affinity 
iwtweca llie products of decomposition and those bodies which 
are still unJecornposed, Organie chemistry is rich i[| teases of 
this Itind, and similar instances arc not vtnntir^ in inor^nic 
chemistry; the moat frequent arid stril<ing of these occur in the 
proceaaes of fermentation; for we here find that a small quantity 
of a Kubatance undergoing a definite njetamorphosis, caiL induc*^ n 
tpeotal form of decomposition or mctamorphosia in an infinite 
quantity of Komc other subatancCi Aa the fiUghtcst contact with 
any individual point of mailer in the molecules of iodide of mer- 
curr, arsenloua acid, metallic ironj or fulminate of mercury, and in 
a hundred other similar aubatancest gives rise to an endless aeries 
of definite motions; so the smallest amount of a putrifyin^ body 
is able to impart to the chemical molecules a definite motion, 
which ia propagated in an miLiilerrupted serjuence from atom to 
atom, and may thns caII into existence new forms and new 
quoJitiea. All these phenomena, which were formerly referred to 
aftpecitic calalyiic force^ not amenable to any law, and which were 
first referred by Liebig to their true physical relalions of causality, 
indic-ate the point of view from which we ought in a physical 
light to examine many of those vital phcFiomcna which at aii 
earlier period were ascribed solely to the tHa vitalh. 

The primary origin of all vilal phenomena is as UTifathomahle 
ft myslery an the first impulse by wliich suns with their planets 
and satcJIilea were impelled in their orbita \ hut if we direct our 
alttmtioa to the motion once imparted to organic molecules, we 
thall be able to (race the eo-operatiim of the laws of the impulse or 
propagation of motion in tiie development, ^fo^^^l^" reproduction, 
ajid secretion observable in organised bodiea. From our experience 
on these points we shall frequently see how it is possible that sub- 
iCftTices which appear in all chemical points to be opposed (o one 
another, may present similarities. The germ in the e^g and in the 
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wctA ift surrounded by substances vTi6m molecular anrangem^t 
iTjaj be diftturbeJ by a slight impolse, and made to unil^r^ci 
mctamorphons. Dy a blight transposition of its atoms, or hy l]ic 
cUoiinfttion or absorplion of water, the starch of the cotdcdons 14 
very iradily converted into bodies bearing veiy little resembknoe 
to itself, hut most extensively (liifa^ed tbrougb the vegetable kinj- 
cLomj as, for inst^ince, Itito gum, mucila^itioua matter* carte and 
^Tape sugar, cellulose, fitc- Thr white of e^g is in like mflnncr 
capable of undergoing the most vjirioa* alterations without losing 
the most essential atoms of its constituents ; albumen, the first 
and nio&t imporlant of animal substances, is a perfect Proteus in 
its ractainorphcscs, aaaiimiTig the most singular fonns both in 
animal and vegetable bodies ; yet we everywhere meet with the 
same groups of atoms, skhotigh the molecular arrangement i* 
constantly changing ifi order to invest them with difiVrent pliysii'a! 
and even chemical qualities; and thus diemi^try has hitherto faileil 
in tracing the molecular motions of albumen in all its forms. 
Nature has surrounded the germ with variable sub^stimces such as 
these, whose molecular structure liasi sn unstable a centre 1^^ 
gravity that whenever the slightest motion occurs in it, it readil^* 
estends to the other molecuUr masses s nature has, therefore, 
surrounded the mysterious source of life with substances which 
rcatlily admit of being drawn into its current. Are we to l)elieve 
that vital force resides in the germinating seed for the purpose of 
fabrieatiiii; sugar from starch f or that the impulse of chemi 
vital motion is propagated to the oscillating molecules, because 
can communicate such an impulse to starch within a digesting El 
aa to change the grouping of the molecules, and alter the directi 
cf their centre of gravity ? The latter vici^', at any rate, fur- 
nishes some explanation of these processes, and 1^ supported ^^H 
mmcrous analogies, whilst the former is a mere ideal mystjficatit^^ 
of a simple fact obvious to the unaided senses. It would appear 
ns if all the starch and all the aibumpn were drawn into the move- 
ment of germ-life before the stream of life had acquired sufRcien^_ 
force to increase it^ own mass hy ineorporEiting other molecuU^H 
parts having & more stable centre of gravity. It is now only that 
the quantity of chcmico-vital motion seems sufficiently great 
impart to bodies having a more stable equilibrium a motion whi 
is then regulated by physical and vital laws. The actression 
nc^v' matter to the moved mass does not diminish the velocity 
of vitat motion; the whole quantity cf tlie motion is increased; 
for the destruction of the chemical masses which previously rested 
in a solid basis ^ives (icfasian to a new impulse nnd to 
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ranewed motion ; as* for instaTice, a single utom of oxalic acid ts 
able to convert a liundred and more atoms of o^sunlde into oxalate 
of arnmoriB, or as a single vesicle of air oan produce fermentation 
in infinite quantjtiea of vegetable juice, or as the nvalanche >vhich 
increases in mass as well as in velocity as it rashes down the snow- 
covpred declivity of the mountain side, Tliia kind of vital motion 
u at leaat not at vaiiaiice with physical lawS) uhilsl. it pr(!^iiU 
analogies with purely mechanical motions. It is theae aiialovics 
vrhich the iTivestigator of nature toust endeavour to detect in vital 
iDOtion, in order to deduce from the known factors the still unknown 
coefficieiita of tliis motion. The vital law cannot be discovered 
and elucidated untU the chemical and physical laws hy which these 
motions are regulated havti been thoroughly investigated and dis- 
tiDCtly recognised. 

It appears strange, and scarcely reeoncilahlc with phyaical 
laws, that the molecular motions in the living organism should «o 
rarely deviate from their prescrihed course, notwithstanding the 
innumerable causes which are cunstantly threatening to disturb 
tbera. Organic vit^l mnlion is neither straight nor uniform ; all 
Its manifestations exhibit an oscillating character, appearing inva- 
nablv to incline first in one and then in another direction^ althou^'h 
some compensating property seems to prevent excess beyond a 
certain limit. As the influence of heat is compensated in llie 
animal body by the increased evaporation of the fluida) like the 
action of the same agent on the compensation -pen dulum ; so also 
in organic motion, notwithstaTiding its extreme fluctuations, regu- 
larity is maintained by some one predominant force being Hpon- 
taneously arrested, and by the si malta neons action of diHerent 
panicles in motion* which neutralise on the one aide what might 
^m the other side give rise to a dieturbanee in the regularity of 
the organic motion. The existence of this compensating capacity in 
organic motion meets with the fiille&t confirmation in its abnormal 
or palbological phenomena, which have consequently been regarded 
as affording the most convincing proofs of the reality of a wise and 
provident vital principle. 

Although the dogma of the vital force cannot be wholly passed 
by in a text-book of physiological chemistry, we should not hflvc 
treated it with the completeness with which we formerly* con- 
sidered it, if there were not *4ome cause of apprehennion that there 
might occur a reaction in reference to this questioiij and that vital 
larix, even if it did not regain its former position, might yet obtoin 

* la the firflt p^rt of iho origlnitl oditioiu 
VOL. «I- N 
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ft recognition injurious to seientific inquiry. Tlie imperfect uip*- 
riinenU which h«ve been made with u view of deducing certain 

phenomena in the living organism from some simple physjcnl lav, 
or bringing them inft> hermony ttith some ordinary experimerla) 
fact, although these phenomena probably depcTid upon & sum of 
many individual forces acting under the most various modificaiion*, 
simply afford evidence of Lhe superficiitl and deficient physU'ikl and 
chemical attammcnta of thuse who instituted them, and have pro- 
bably done more to support the belief in a vita] force, tlian the hct 
that we have as yet no prospect of being able to refer the forma- 
tion of cells and tbsoes, and the suitable i:oitri>rnia1inn of all Uic 
individual parts of the animal orguiusm to definite physical nnd 
chemical laws. 



Orjgin of Organic Matter in tde Vegetable Kingdom. 

BflFOfts we proceed with our general review of i^oo-che- 
mical proeesses, we must consider the locality and the relations 
under which organic matter \% niainly formed. Theoretical che- 
mistry shows ua that the composition and all the properties of 
those substances which are especially Tiamed organic, are not only 
not oppo^edt but actually afford the must brilliant confirmation of 
all the more general laws which refer to this department of 
cbemiEtry. There aeema, therefore, considerable probability that 
the formation of organic matter from inorganic substances may 
be due to the action of the more general lews of pbyHics and 
chemistry. If affinity, like gravitation, be au integral property of 
matter, the first indications of the formation of organic matter 
must necessarily furnish the be^^t point from which to investii^te 
the chemical laws which contrtil the generatinn of organic from 
inorganic substances. The rclationa on which such fbrmutiona 
depend have nolihoweyer, been examined with sufficient exactness 
to admit of our representing the formation of organic matter by 
simple formulie, based upon direct observations. Whilst an 
opinion prevailed in earlier times that plants, like animalsf required 
for their well-being to appropriate to themselvea at least some 
definite, but not inconsiderable, amount of organic matter in the 
form of humus, Ingenhouss held the opinion that plants derive 
their nutriment solely from inorganic nature; and this view has 
been most ably defended by Liebig, who faas shown th^t 
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TCfECtAtile kingdom oolL^Urclv, or at any rale ihc grcal majontj- of 
vc^tnble sub^iancea, is noun&LiGci solely by c&rboikic acid, wnter, 
xnil aninionin^ anJ that, consequently, ail tiroanic liotllfs in the 
vcgctiifle kiiLj^dom are geiicruted atik'ly Troin titese tliree inorganit: 

Priestley and Sennebier first made the ubaervation that the 
leavea of |jlantR, when e\j^nsed to solar Lighl, absorb cardotiic add 
and w its p(uce zxhtiie uxygtn. Tlie admiralile ex|X!nmeiit3i uf 
SauMure, and the later rewarchca of Uriachow, Buuasingault, end 
others, hare elucidated iniiny poiats connected with this suhjccl^ 
We now know that it is not only direct solar light^ but also ordinary 
rcfractt^c] light, that produces tliis phcnonicim, which depends not 
Upon the heating or tlie chemical rays of the apectrunif but moiidir 
opon its ycUow and green rays (Draper), and that, moreover, ihe 
green parts of the plflut alone possess the Faculty of exhaling 
oxygen after absorbing carbonic acid. Plants only exhale oxygen 
after the absorption of carbonic ncid, which is prob^ibly taken up 
through the roots froni water or through the leaves From the air, 
Boussint^idt has especially drawn attention to the extraordinary 
rapidity W'itb which the leaves alistrjict carbonic acid from the air. 
The quantity of oxygen that in exhaled conesponda very nearly 
with the amount of carbonic acid which ha^ been abaorlieii. Theae 
ex peri me 1 Its were not. however, conducted with the exactnesn 
uece^^ry to warrant us in drawing definite conclusions ; for while 
the volume tjf exhaled air was perfectly equal to that of the abaotlif d 
air, Ibcrc was always found in the exhaled atr a small quantity 
of nitrogen, the source of which eoiiM not be clearly ascertained. 
The experiments appear, at all events, to prove that there is always 
rather less oxygen developed than is contained in the carbonic 
ftcid, And conacqucntly. that the entire volume of the oxygen is 
not returned to the air from the carbonic acid. Although a portion 
of this ga^ may posy into those organs of plants which absorb 
oxygen, although they are not greeu, certain chemical and other 
grounds render it more probable that a lari;c amount of the exhaled 
oxygen may be derived from water, and that the carbonic acid 
cjtnnot therefore be decomposed at once into carbon and osygen, 
Itwouhl also ap^jear, from the esperimentsof Saussure and otliers, 
that the amount of ejshaled oxygen does not depend upon the 
mans so much &a upon the ezctent of surface of the green parts of 
plants. 

The undoubted fact that plants reverse this process during the 
night, bj' developing carbonic acid after they have absorl^ed oxygen, 
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lu ta done during che day hy thaa« puts ai a plants wliir^U are not 
frrrai. Led loaDy pbv«ioiogisU to donbt whether the priiieipal source 
of Eha carbon in plants mm derived from the deoxid&Unn of car- 
bonic acid, which UlcM plftM in boLu- l^ht; whibt, moreover, 
SABKHurc^ft tiperimenta sperned to prnve thai al least one-cwentiedi 
of the carbon absorbed by the planta during this process could not 
be derived from the carbonic add- It was believed that there 
must be some truth in the popakr notion that the huniu«(, that 
i« to say, the decaying remains of vegetable and animal nintlcr, 
aerves the living plant as a highly carbonaccoua nutrient subslaiicf^ 
at lewal in respect to this one-twentieth. Although it cannot he 
denied that a certain number of plants, amon^t which we may 
reckon many of the parasitical plants, and all plants which are not 
green, raniiot draw all their carbon Iroin the carbonic acid of thp 
air anJ waler, this no more proves the incorrectness of Liebig'a 
view than the fact that ovygen is exhaled in solar li^ht by certuin 
green infusoria, as Euglena [which, moreover, contain a stAreh-like 
substance) refutes the view lliat the vital process in animals is 
conatantly combined with an absorption of oiygen and an exhala- 
tion of carbonic acid, Although many plants may thrive better in 
a soil rich in humus than in one in which they merely obtain the 
necesaarv niintfiTil nutriment, this beneficjal effect may be owing to 
many otiier conditions besides the amount of carbon contained in 
the »oi]{ for aa the humus consists of subat&nces undergoing 
decomposition, it must of itself supply an abundant source for the 
formation of carbonii; auid. 

Liebig refers this nocturnal development of carbonic odd to a 
pureW mechanical cavine. It is well known that plants absorb indb- 
rhciiinntcly all substances held in anlution in water, but that thcy 
f(ivc off, either by their roots or through other parts, all matten 
wliicb may injure their vital activity ; and that all terrestrial as 
well OS atmospheric water contains larger or smaller quantities of 
carbonic neid, <«hicb, according to Liebig* is not assimilated 
during the night, but is a^uin eva]>ural£d in an unchanged con- 
dition through the leaves with the water. But whilst Liebig 
rofjlkriis the dovclopLncnt of carbiinic Eicid as i>urely mechanical, tc 
considers the nocturnal absorption of oxygen to be a purely 
cheinieid i>r[ie<rss, and shows that the I'ariations in tlie quantity of 

* Dip Chcmio In Uirur Aawca^iin^ auf Agriciiltur a. PhJBioltl^L^ (t AufL 
IB4(3, tt. 11-3^3 \uT Kti^-liHh (lUDBbtiuD, Lundoji, IdlO, pp. I-2L61 ; Cheidivbt 
llni*f*i. IHM, 8. ?l<f BT. w. «2S ff, [or Loiten on Cb^niistry, 3rJ edition, I8&l,pii, 
I7il fcnd OOej 



niv'geii tliat \h abHorbeLl are etitirely tJ^pendeut nn the rbemiral 
constituchU of the leaver. Thus, for Instaiice, leaves which are 
prtiportioEially rich in substances poor in oxygen, &a for example. 
rcainouB ethereal oils, which even in iheir isolated state readily 
become mure highly nxidiserl whtrn exposed to the action of the 
tdf, &re also found to absorb a relatively larger quantity of oxygen 
io the dark. 

A complete process of acidification during the rigtit, as the 
effect of oxidation, is occa^ionsJIy met with in the leaves of certain 
plaitta, a5,furin?>tfLnee, tlie Cacalia Jjcf/ififs, Cotykdtra calycina^ and 
others, wbich» after being tasteless at noon, have a bitter taste in 
ttie evening, but arc sharply acid in the morning. 

Pelouze has shown that tannic aeid is converted into gallic and 
offbonic acidH hv the absorptiun of 8 atoms uf nxy^en (Cjg H^ O^, 
+ S0== 1CO/+2C,I130b. nO). We cannot rtonder at the 
fact obaerved by Saussurc, that the leaves of the oak, which are so 
ricb in tannic acid, sbould absorb H times their volume of oxygen 
during ?4 hours wlicr in the dark, whilst the tasteless and scent- 
leas leaves of the A^ave uutericana can scarcely absorb 3'lOths of 
their Tolumc in the same time. The leaves of the white poplar, 
vhtch nmtain a very resinous or oxidiaable oil, absorb as much aa 
21 timaa their volume of oxygen in 24 hours. 

Without entvrirjg more fully into the question of the respective 
results of these two reciprocally suspended processes of the 
vegetable kingflonijWe would simply obseire that, notwithstanding 
the grounds on which Liebig supports liis view of ihe purely 
chemical nature of the absorption uf oxygen, this process and the 
separation of carbonic acid, appear, from numerous phyto- 
libysiolo^ical experiments, to stord in a more direct relation to the 
whole life of the plant ; and that, in the vegetable kingdom, pro- 
»cesaes of oxidation also occur in addition to the preponderaling 
processes of deoxidation, in the same manner as wc find that, in 
the animal organism, where life is bo thoroughly characterised 
by oontineous oxidation, processes of deoxidation may yet also 
opcnr, as, for instance, in tlie formation of fat from sugar and 
amylaceous aubstancesn This is, however, so decidedly a purely 
phyto-phyaio logical question, that it searcelv falls within the scope 
of our inquiries- According to our view, Liebig liaa given the 
ino«t striking and ingenious proofs thai the vegetable kingdom 
derives its large supply of carbon from the ntmosphcrc alone, and 
that planta alone possess the faculty of generating oi^anic matter 
from inorganic substances- 
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1^^ OUGE5 or OI&UQC XATTEB 

When we considrr that the at mogphetic sir contmiiu onk 
I'tOOOth of ha Tolmne of carhonic acid, it mi^t at fint tight 
appear a* if the Umovphcre could not ntpplT plants with all their 
^^'^'on — «n opinioa vbicii vaa once gcneiaDr entertained; but 
oertun nmple caknlations nude b^ LiefcHZ abov that, instead of 
beliering the arbonic acid in the atnKwphcre to be insufficient for 
the growth of plants, we mtzht nthcr wonder bow it la that, 
notwithstanding the TegetaUc kii^dom, the quantitT of carbonic 
acid in the ataiosphcre has not been eonsiderabij augmented in the 
conrse of ages. The atmospbere ezvta a piessQie of 2216*16 lbs. 
on CTery square foot, and if it were as tbkk in aD paita as it U at 
the surface of the sea, it wooM extend 24,535 hiis feet in height, 
or, aftPT excluding the aqoeoos T^ioiir, ^2,843 fcet, or 1 Gcnn&n 
geographical mile [aboat 8,100 yanls]. If the ractins of the oaith 
he assumed at 960 soch German mileSf the rolame of the atmo- 
sphere (at the pressure of an stmospheTe of mean temperatorc) 
most be equal to 9^7^500 such cabic miles, in which, in addition 
to 1,954,578 cubic miles of oxygen, there wooM be about 3,862'7 
cubic niiles,orabOQtSS billions of cwta.(^carbcmic acid — a quantity 
which must be more than sufficient for the wants of all the vege- 
tables occurring on the land ot in the water of our planet. 

If, on the other band, we con^der that eoonnous masses of 
rarbonic acid are conUnually being conveyed to the atmosphere 
from the earth's surface, we cannot help wondering that it should 
have experienced no sensible increase in the amount of the 
carlKinic acid which it contains ; at all events, there has been no 
change in it during the period that has elapsed since the 
destruction of Pompeii, in the year 79 a.d. (as is proved by the 
analyites of air which had been contained in funeral urns which 
had been excavated from that city); whilst, on the other hand, 
geological investigations have rendered it almost certvn that at 
uome definite period, ages since, and long before the higher forms 
uf animal life had appeared upon the earth, the atmosphere was 
far richer in carbonic add than it is now> A rough estimate of 
these relations yields the same numbers which Liehig has deduced 
from a more complicated c^colation. Thus, for instance, if a man 
duly consume 45,000 cubic inches of ox^en, which would give 
9505'3 cubic feet for the year, 9 billions and 505,200 cubic feet of 
oxygen will he abstracted from the atmosphere by a thousand 
millions of men ; and if, further, it be assumed that about double 
this amount of oxygen is lost by the reB{uration of animals, and 
by the proccs»es of decomposition and combustion, it follows that 
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all the oKygen of the ntmosphere would be exhausted m SOO/JOO 
years. T\iis constancy in tlie qiijiiitltti:s of uxyi^cii and carliDnic 
acid during 180U years wouM therefore he wholly inexplicable, 
tf ve did not perceive that the growtli of plants furnishes the 
iD«&n« of abstracting from the alrnosphere the cartH)ntc acid 
tvh]<:h has been conveyed to it, wIilIsI; the dlscovi^ry of inei:liut]»itil>1e 
dcpoait&a of carbonaceous vegetAbIc dfbi-is furnUhcH one of the 
most striking esplanations of the dtmiiiution ai carbonic acid since 
the pre-adflmile age. 

When plants are introduced into an atmosphere containing no 
oxygerij and c&re ia taken that the ojtygen nhich tbey exhale by 
daylight ifl absorbed by iron tilinga or other mcanu, they u'ither 
u rapidly as they \iould in an atmospliere devoid of carbonic 
acid, or in the dark, where they could not decompose the carbonic 
add. These and atmikr e^LperimenCa (certainly indicate tliat the 
oxygen stands in a dcliniLc relation to the whole life of the plant; 
and, on this account, many of the mo^t distinguished phrsiologieal 
botaristit have held tJie view that oxygen gas is a true vital air to 
platitM OK well as to animals, with this difference ouly^ tliat plants 
poBsera at the same time the power of generating for themselves 
the oxygen they require {H. Mold).* 

Liebig bas ahown that the humus of the fertile soil is not one 
of tb« humus aeids of dieinij^ts,and that it cannot serve directly for 
the nourishment of pluntsjjut that as it is formed by the decompo- 
sition of organic substances, it is only by means of the products of 
its decompoffition, and by tl^c carbonic acid which is formed from 
it, that it can supply plants with nourishment ; wbjle, on the 
otber hand, the manure promotes the growth and thriving of 
plants leaa by the quantity of nitrogen and carbon which it con- 
taififij than by the lar^e amount of mineral substHnees, which are 
equally important to the development of plants as water and 
carbonic acid. 

We very rarely meet witli foasi! roots, and the plants belonging 
to an earlier world usually appertain to genera whleh are distin- 
gaiflbed by the smaliness of their roots; the Jirst plants whose 
aeeds were ^scattered over tbe surface of the earth found no humus 
froo* which they could extract nourishment, but shot luxuriantly 
forth beneath a dense atmosphere, abundantly charged with car- 
bonic acid, which yielded lliein copious supplies of car Inn, although 
ibe huii'b bght, whJch was variously refracted through the denser 

* llondKiirterb, d. rhjaiuluiEifN BtL 4| 6. 23t>'SJ30 [or nonfrcy'ii TnuifllBtitiii 
ti Mohl, On (lit Veg^lAb]«Cd]. London, laJiZ, ;ip. T7<!I3]. 
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BtT»la of ftir did not fall directly upon thera^ Thu* we find ct 
nuw that the ItJXLirUrit plant-s of trupic^ climates have very sra 
ri>otJi; conaequently such pknta can scarcely receive the adequate 
amount of nourisbmi^nt from this part of the vegetable orgaiiis-tn. 

Everywhere on the eartb*s surface we 6nd that the mcreasc of 
the humus de]>ends u[]lii] vf^eiaLinn. Plants spring fortJi on 
Uic Eial^ed rock, wliich must deriTC their nourishment solely frooi 
tiie atmi-sphere, and afterwards dying und mouldering away, they 
serve as n snppnrt for other plants j if, however, these plants 
abHorhed for their nourishment the earboix contained in the 
intjuldcriitg vegetable dS&rUt ve^tatiou would soon cease, and tlj< 
naked n>ck would l>e again exposed to view. In the vir^n forest 
the remains of numerous generations of plants are accumuUtcd 
upon one another; each layer of planta serving in its torn 
increOHC these vast accumulated strata of humus. A large quantl 
of carbon is generally abstracted year by year from cultiva 
woods and ^elds, vet this does not prevent grasses and trees from 
springing up unchanged, and nttarning their full growth witho 
manure or any Adventitious supplien of hurnus. How »maJl 
quantity uf corbou i^ added to a cultiv^ited farm by the ann 
amount oF manure used on the land, and yet what immense massea 
of this substance are extracted each year in the form of fruits ftnd 
straWr which are ojdy again relumed to the earth in tJie form of 
carbonic acid by the respiration of aninmla, and by the p 
of combustion and decomposition 1 

It cannot ba denied that Gmul! quantities of humus-ltk 
Htances may puss intu phmts, in as far as th^ roots indiscri - 
mintLtf'ly absorb the substancea presented to them ^ hut even J^M 
the above remarks show that the quantity thus taken up mast no^^ 
be re^rded as inappreciably smnllj the fact that the humus acida 
form with basea insoluble salts, which consequently can scarcely 
enter into vegetable bodies, proves further that very little im- 
portance can be attached to this circumstartcc. Moreover^ humus 
which is exposed to the natural action of the weather gives off ft 
very small quantity of matter soluble eitiier in water or li 
WBter. 

The composition of most vegetable substances shows th 
water muat undergo decomposition in plants during the produ t^ 
tion of organic matter; for, although we meet with certain au)^| 
stances in the vegetable kingdom tn which oxygen and hydroge^^ 
occur under the same relations as they occur in water, we find 
many others in which the amount of oxygen falls far below t 
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Wntydrogen, aa, for instance, the reaina and fatty olla ; and tlierc 
occur %orne comhinfitionB of carhuretted hydrogen which are 
entirety free from uiygcn, as, for instancei the ethereal oils and 
cnoutchoQC. A decompoaition of water may also be more readily 
eiplained from a diemical point of view, ihan a reduction uf llic 
carbonic acid; Alexander t, Humboldt lias even observed a 
development of hydrogen during the vegetation of several fungi. 

We pos^ss very few reliable experinient* from which we can 
ascertain the reiations undi;r which plants generate organic matter 
from water and carbonic acid during their exposure to the action 
of the 9an*fi light. According to certain observations of Saussure, 
a plant of Vinca f7iiaor generuted, under definite conditions, a 
«)iuuitity of organic matter, in which there were contained 40'e7S 
of carbon. In two plants of Mentha aguatita tliere was organic 
aiatter produced which contained 50^ of carbon. 

The orii/iii of thf nitrotjen in plants is a subject of (ar more 
difficulty ; for T^hilst carbonic acid and water are conveyed t<i 
plants from alrpoat every direction and under all conditions, we 
are unable to detect the source from whence plants derive their 
nitrogen. Both Sau:4sure and Baussingault'*' have shown by the 
most exact and ingenious eKperinients, tljat plants aire unable tG 
condense free nitrogen from the atmoapherej and to elaborate it 
into organic matter; and (hey regard it aa probable thai nitrogen 
pBssea into plants only in the form of soluble nitrogenous products 
of dccompositiuLi of organic matter^ and more especially in the 
fonn of ammonia. Here again it is to Licbi^ that we are indebted 
for iLe discovery of the hidden sources of this important element 
of vegetable nutrition, Liebig has shown that the origin of the 
nitrogen must he referred to the direct contact of ammoniacal 
s&lts with planta, seeing that he found considerable quantities of 
these salts in many vegetable juices. The juiee of the maple^ 
the red heei, the bireli, fresh tobacco-leaves, the tears of vines, 
Bnd all blossoms and fruits, contained a certain amount of 
Acnmoniaf without there being any indication that decomposition 
liad set in. Exact ealculalions show that far more nitrogen is 
atistrarted from well cultivated fields than could have been con> 
vcyed to them by manure, or any other means. It has Tjeen seen 
from experimcnla on the solid excrements of animal3> that ordi- 
nary solid animal dung, bo far from containing much nitrogen, 
often contains mere traces of it, and that such manure is entirely 
inadequate to yield to plants the amount of nitrogen which is 
• AiuL de Chiui. et de rJijr* T, 07. p 5i «t T. (0, p. 353, 1 
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Wlmw^ AcB, do fatmt tfMv dcrir? their ni 
^tai, «» ifcef flHi never hvrebem """■■** witli siutvtAl dun^V 

UatO liebig demomtnlcd the C^t, it tm tML Lnovii thai a 
ftWwf i aT qoBfrtiCf of Hnmontu ww alwmji pracnt ia tbe Abno- 
ipbcn^ uid Uk4t fVft tJid iftow coatuDed detemonable qoantittea 
of mHs of tmm()i>u. There c»ii be no doubt, kuwever, thtt 
natmgtn U supplied to piAzits as food in the rorm of salts ijf 
uiUDOiiii; b«ti on the otfaa* fauid, LKbtg'i riev, that the atmo- 
^tbere u the *ole toarce from vbence pUnU extract their nits ot 
KBUBODa, hvi met nitb conuderable oppMition- Boos^ingauli 
aitd Uebig faftfc mdcBvouieid to prove from a cslculation of the 
Hnniir*f** of WDOtOAu pfetent ra raio'Wvler, and of the ftnnu&I 
imoUBl of rvn, that the aramofiift extracted from the atmosphere 
hf plant* it quite flcffide^ to form those nitrogenoos compounds 
which we dJicnrer in the products of oar uinoal harriests ; anil 
diey have also drawn attention to the ^ct, that there are prcHent 
in the hnmUH, in dung— in ahort, in eveir fmitfuJ soil— »uh- 
Rtancea, whic^h hare the povrer not only of ^ing the ammonia of 
the water, but also of absorbing ammoniacal vapour directly from 
the atmoaphere. Buuchardat't obaerrationj that »lta of ammonia 
e%crt Q poisonous action upon pUutA, even when ddntcd 1000 or 
1500 times, may perhaps depend upon their unsuitable form, 
and prohably upon their insufficient degree of dilutiori; but it in 
no way refutes the general hyijutlitsis tliat plants derive their 
nitro^ri from ammonia; pcrhapci Mulder*a* conjecture may also 
bo correct, that the ammonia passes into pUnts in combinatioti 
with organic acids^ and that in tliis form it exerts no dekterioua 
aution on these oigBiiisms, It would ajipe&r from moat of the 
experimcnta which hapc been made in reference to the absoqition 
of ammonia by plants, that the roots nre designed for the assimi- 
Ifltion of soils of ammonia to the same extent at least as 
green ]»rtH serve for the absorption of carbonic acid. 

In the putrefaction of nitrogenous aubst&ncea, ther? is 
development of carlxniate of ammonia from the beginning to the 
«nd of the process; its great volatility causes it speedily to he 
i;iven oS' to tliQ atmosphere, from whence it is again precipitated 
with the wJitcr in the form of rain and snow, and is thus returned 
ti> thr vegetable kmgdom. I f we assume that every pound of raiu- 
wnter centalni only half a grain of ammonia, there must be dfl 
suJfirient (pumlity of this subatimce in the atmosphere to supply 

■ V'oivneh oilier (ib^iioL Ciieuw 8. 71fi-752 [ur Kng]ia}i tnuulatioo, pp. tia|. 
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jiil the plants e^iBtuig on the earth's surface with the nitroeieii 
Tvquuile for their growth and perfect develtjpinetit. Ammonia 
has also liecn found! in every kind of water occurring on the sur- 
face iif the soil, in sea-water as well aa in ruttning springs, and 
has been extracted from the greatest depths of the earth ; aa^ for 
niBtanc€, with boracic acid from Castol NuovOf Cherchiogo, and 
otlier volcanic dUtricti. 

Anitnals, when tliey have eeas«d growing, rej^Iore to the outer 
worW nearly nM the nitrogen which they take up with nitrogenous 
aubatances. and the very exact determinaUona of Bousaingaull and 
several other inquirers show that the quantity of nitrogen given 
off from th^ animal organism after the tennination of groAth 
equals that ivhich Is introduced, and that the amount of nitrogen 
present in fixll-grovn animals varies only very slightly. Am- 
moniaca] gas ia given off directly during respiration; nitrogenous 
matters are also far more abundant in the fluid than the solid 
excrements, and they very readdy liccome decomposed into 
ammoniacal com^inationa. 

The reason of the beneficial cflccta of gypsum and of burnt 
clay as ii manure has not hitherto been very clearly explained; 
but Liebig is certainly quite correct in referring it ti> the property 
possessed by these substances of fixing amraonia. The gypsum 
undergoes decomposition with the carbonate of ammonia in the 
atmosphere, forming sulpliate of ammonia, which does not evapo- 
rate with the same rapidity as the carbonate. It has been lang 
known that alumina and oxide of iron possess the property of 
«b»orbing ammonia. This same properly of absorbing ammonia 
is observed in the case of powdered charcoal and decaying wood, 
the former of which condenses 90 volumes^ and the latter J2 
volumes of this substance, Mulder includes amongst the sub- 
stances vhich hx the ammonia in a rich soil) tho tive acids which 

discovered in the humus, namely, ulmic, humic, geie, crenic, 
apocrenic acids. These acids, which are formed during the 
decay of animal as well as vegetable substances, decompose, 
according to Muldcr^s view, the carbonate cf ammonia which ia 
conveyed to the soil by rain, andj having thus become soluble, are 
tmnsferrerlf in the form of ammonlacal salts, to the roots of plants, 
where they are very rapidly decomposed (even in the extreme 
ends uf the root-fibrih), and arc converted into other bodies. 

Frcsenius* found, on an average, 0'J:J3 parta of ammonia in a 
million parts (bv weight) of ^lir^ Now, if we adopt Xfarchand^s 
« Aan iL Ch. a. Phorm. Bd. 5i, a iDl-IIHj- 
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estimate of 5,253,123 ,OO0,OO0-0OO,'X)O kilogrammes as iW wdgl 
of the atnio&pheref and if it contained in itXl regions equal qtiaai 
tiea of Bmmania, ihe amount of tbe latter would be 2,646,'l( 
kilogrammea. Horsfonl* fotind a mucli larger amount of ammonil 
than this in the atmospherir air; the greatest qiiantity was 
obHcrved in Julj', when there ^crc 47'63 part* \n one million pfiits 
[hy weight) of air; the smallest quantity roted was in Decettibe^J 
when tliere were nnly r217I Jiarts. It would ajipear from tlli^| 
observations of Horsford, that the quantity of araroonia in the 
utmoaphere is at its maximum in the aummer months, when the 
Bodrces of anmioniii are most abundant, and when it is not fo 
frequpnlly f-arried ofF by rain and armw as in widler^ and it woi 
Heem to diminisli in an almost constant ratio totvards the winter. 

Liebig calculates that if 1 11>< of rain water contain only faalf 
gTkin of ammonia, an area of 1^,500 square metrev nill receivi 
in tlie course of the year with the rain (which amounts u^ 
2,500,000 lbs.) nearly 90 lbs- of ammonia, or 6S lbs. of 
nitrogen* This would be far more than is contained in the foi 
of glutin and albumen m 2,650 lbs. of wood, or ?,^400lbB, of 
or 2tK) cvrt. of beet-root (this being the respective produce of an 
acre of wood, of meadow, and cultivated land). ^_ 

Several nitrogenous substances wbich we constantly meet witi^H 
in almost all plants, and more especially in their seeds, contain a 
certain amount of sulphur j and in addition to these there are iha 
highly svilpliurous ethereal oils, whieh may be extracted fay disfil- 
Ifttion with water from several species of the Crucifers. As the 
air, rain, and ordinary spring-water, contain nothing beyond the 
merest tr&ces of sulphuretted hydrogen^ plants must obtain the 
neressary amount of sulphur from contact with alkaline sulphates, 
and especially the sulphate of ammonia. The sulphuric acid 
is then probably reduced by the same processes by which the 
deoxidation of the carbonic acid is effected. It ia therefore ohrious 
that the roots of plants are the organs throuigh which sulphur is . 
absorbed. ^H 

Having briefly considered the nature of vegetable nutrient™ 
matters, and traced their various sources in inorganic nature, ve 
have next to direct our attention to the mode in which this 
inorgauic material is elaborated into organic matter in plants^— 
We should, however, moat assuredly arrive at very incorrect co^^f 
elusions, were we to attempt to explain the formation of organic 
matter in plants without at the same time tnking into consideta-. 
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lion thcLr minoral conatitueuU* When Me rcdect UlaI no pkut 
G^ txjvl independently of certain mineral co/i^tiiuetita, and that 
tlieae n<?ctjr only in certain definite quantities, nnd that somp bases 
only, 5uc}i as aoda or potash, lime or iiiagtiesia, occur in plants, — 
and nhcDt finally, we observe tliat these tniaeral substsnees ftrd 
Accumulated in verr different proportions in the various or^ns 
of plantSj and in accordance with the difforent periods of their 
development, although they present tolerably uniform relations 
under aimiUr conditions and in identical organs, — ^'c arc necessarily 
led to the idea that these sul>9tancca e,xert a ddinito induencd 
upon the life of the whole pknt, and upon the origin of its organic 
conaLitucnts from carbonic acid, water, and ammonia. 

The bases we have enumerated are generally found in the ash 
combiJiud with carbonic acid, although in the living plant they 
more commonly occur in combination with organic adds^ as 
neutral or acid salts. Liebig, in his notice of these sulistances, 
lias drawn attention to two much-ilisputtd points of discussion: 
whether one base may be rcpliiced by another in a pl^ntj and 
whether the sum of the oxygen contained in the base is always 
one and the siitne for each species of plants. Although we must 
for the present regard these propositions aa questions nldch still 
require a more 3i>ccial aolationj it must be admitted that within 
certain limits they would appear to derive confirmation front 
several established fact^ { for although we find iu tlie older experi- 
rnenL-i of Saussure^ as well as in the more recent numerous 
analyses of vegetable aahes instituted by Emil Wolffj* by VVieg- 
manri and Pol£torf,t and Hy Staffel,^ many facts which seetn to be 
opposed to these geireml propositions, it must he remembered 
that even in vegetative life a number of relatione present thcni- 
aelvea to our notice, whose actions on these more general laws 
cannot be wholly overlooked. It may perhaps be maintained that 
these hypotheses of Liehig's have not been proved with suiBoient 
preeision ; butt nn the other band* the few points in which they 
^mit of dispute are not of sutticient importance to warrant us m 
regafding them as wholly contro%'erted. We have still so imper- 
fect a knowledge of the relations ejfiatlng in the nutritive process 
of vegetable organisms, that it is much less easy to establish a 
cotiTincing refutation than to adduce a strict proof. 

In addition to alkaline cnrbonatesj we likewise find alkaline 

• Jonm-f pr.Cb. Bd. 44, S, Ste-IWB, u, Bd, 63, B, 37'1*-J. 

t Uebcr die onorg- DcflLvicLtheilB d. ViUuiEeri. Brauiwclincig, 1U13, J 

Z Arthiv. d. Pharm. S B, Bd. 64, B, 36-4?^ ■ ] 
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barkp opium, luid the potato plnnt, are alw-ays Urge in an invi 
ratio to the «m&U amount of mineral T>ases vhich they contain, 

Howeirer rcslncted m«y be the sense in which we Interprrt' 
manr of Licbig'a propositions, it i* moat clearly Apparent, from all 
exact estaminations of vegetable ashes^ as well as from the careful 
ob^ervatiuns oftheinfloenceof inJivtdualsalt^ aa nianaros, that the 
olkiiljjie carbonates and tbeir phosj^hates arc of tlm highest import' 
ance in the diderent processes in the life of plants. It wotild carry 
Ui too far from the scope of our inquiries, were we to enumerate all 
the facts relating to this ^ubject^ with which we have been lon^ 
afxjuainled ; and wc will therefore content ourselves witii rcferriuff 
to some few of the results which have been obtained fromE. WoliT's 
admirzLbie investigation of the mineral eonstituenta of the hor^e- 
cheiinat. Tlie earbonnte of hrae predominates in the bnrk and in 
the wvitdj whilst the fruit artd leaves coniain far more KarljcTinte nf 
potash than the hark and wood. Phosphoric acid is most abundant 
in the flower-stalks and kernels, whilst snlphuric acid and silica 
predominate in the leaves. In the horse-chesnut, very simple 
ratios eiist between the quantities of oxygen in tlie baae^ com- 
bined with carlionic acid in the different parts of the plant (the 
carbonates being calculated for 100). The quantity of oiy^en 
in 1(X> parts of the alkaline carbonate from the ash of the bark 
amounted to 27i that from the wood nod leaves to 24, that from the 
leaf-stalks and brown hu^^ks of tlie ripe fruits to 21» and tliat from 
all the other parts of the plant which were examined to 18, which 
corresponds with the simple arithmetical progression of 9:8:7:6. 
Wolff found Lliat the ratio between the soluble EUid the insoluble 
constituents was very aimple in all parts; thus, for instance, U was 
as 4 : ^> in the fluid circulflting between the wood ruid the bark, and 
the same in the leaves^ wbi]e on the other harid it v^ as 3:/ in 
tile newly formed wood, and as 6:4 in the leaf-stalks, while in the 
flower-stalks it was as 2; 9, and in the interior of the kernels of 
the ripe fruit aa 2i7' Of ^ the mineral substances, sulphate of 
potash predominated in the leaves, and this was more especially 
the case in the spring, at the season of blossoming, whilst at the 
same period the juice of the bark and wood contained no trace of 
sulphuric acid. The ash of the leaves was very rich in insoluble 
phosphates, whilst that of the blossoms and fruit contained a larger 
omnunt of the soluble phosphates. 

It is quite unnccessibry to enter more fully iitto tlie question of 
the influence exerted by the alkaline and earthy carbonates, sul- 
phates, and phosphates^ upon tJie growth of planta aa manure, for 
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tltU 191 n piJiTil which hiis hven suffit^enlly proved l>)' inntimemble 
dptnmciiU, conducted Ijotb on a large and u small :<rBlc. 

Now that vc have ^icquainted L>uradve3 with the different Bub- 
(t^nces vhioh t^ontribute toubrds the nutrition of plants, and lmv€ 
cTiMMivercd ibai they cormm of a few verj' sinnple combinations, 
dcuvnt fnun inorganic nature, t.ljc qiiestii^n alnichsl unVislibly 
forces itself upon our notice, hoio tht vt:gttahk orgaumjt U able^ 
from these few substanees, to generate such un endU&a diversity ef 
'irffavic Aodifiji ? But this, unfortunately, is a subject wldch adnuts 
of little more thnn mere conjecture. In confurmily with the prin- 
ciples which we liare adopted in this wurk of avoiding all diSuae 
disfru^sion of subjective views, anti carefully abstaining from uae- 
icas bvi^othesesj ^ve c&n only permit ourselves to exannne some 
few of those ccknjeciures, regarding the formation of organic matter 
tn [he vegclahle kingdom, which admit of being referred to deti- 
nitc expcHuiciLtsl facts. Tlie number of such fact^, however* is 
very small, notwithstanding the many laborious researches which 
hare bc«n made in relation to this subject by some of our mo&t 
distinguished ii>qTiirers. Our general remarks on the study of the 
tital processes bold good in ii higher decree for the processes 
connected with tlie formation of matter in the vegetable kingdom ; 
for mJthough we possess some few good isolated observations, we are 
entirely deficient in quantilative determinations, without which we 
csii make nu certain progress in our knowledge of the organic 
worH. Vit are even ignorant of the rebtion existing between the 
CAfbonic ac'id which enters into the green parts of plants in i^olor 
light and the oxygen which is simultaneously given ofi"- Yet how 
cm we attempt to estahlifth an hypothesis in referenee to this 
proc4^s, before we have in soute mea.<aure determined the numeriL^al 
relations of the concurring subatancesr Very few numerical 
result!! have been obtained in phytu-cheriisiryj excepting some 
scniity determinations of Sausskire, from which it would Jjeem 
pnibablc tlial about 2 parts of organic matter are formed in sun- 
ligliL kit every 1 part of absorbed carbon. Were we even able, 
chemically, to trace the qualitative and quantitative relationa of 
the ditlerent liubstances in the order in which they originate in 
the plant, we should find that our very imperfect knowledge of the 
nuilccuhir forces, which play so imjiortant a part in organic pro- 
cesses, vould prove very unfavourable to the comprehension of 
the chemical history of the gradual development of organic matter 
from such simple substances as carbonie acid, waier,and ammonia. 
WhiUt, on the one hand, the great aimplicily observable in the 
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hyrfriHa, and tOmtMoiatMM iM«eff» ia iM phli, wiAo^ exception, 
t« tffbnl »« ocpbnatkKi of cnrtns ^tttomna; the endlen 
tsrirtj' cif iktfae muruWj pradacbf vlnck «v pecnfiBr fa Altnurt 
erKTf plMtftdinHn lach obitade » ■■ die wny of ow awiiiiriea tto 
M cui mmcdf bo^ to gWe ere* & brpotbetml ittim*nf>fi oB of 
du fbnrttdon of otfUftntC nutter ^riUun tlw phnL. 

The rntirr rrgctkble orgufckm h ■ c am e ly anyiliiBg more thu 
a *jAtem of relk, vitlun wkkli Tsnoas la lntau ca «fe im dag ui m 
ndmimKpbOMi, utd organic matter ia paaaui^ thfOD^h the cftHiest 
«tAgt« <rf it* fbrtnalion. 1^ stEun«ua wluc^ pencUiite* into Xht 
roofa, coftttMneil with sulpbnhe or cubonie aac!, iecor di ng to 
Liehi^ orwith humic acid, auri^nrding to Muldn, must hare pa»«d 
through the relU of the fitmla of the roots. The documpoAitiiHi 
of cQrl>oiiic Bad can onlf take pUcc wiilkin the green edb of the 
pUnt, fcir the tno^t torn leaf mav continne to eiercr^ the function 
of ab^orliing cairhotii^ acid and ^vin? off oirgen; bal when once 
ita crlU nre crushed c>r ntherwise destroyed, thu riul pnxvsi 
ccaacB. Hence wc are led to conclude, that in the cell-metnhrane, 
orj in other wofda^ in the morphological relations of tiie cell, there 
!• aft important an agent for tids process of metamorphosb %s in 
the chendeal rhanicter of the rell-i.-ontenls. We have already 
freQiieiitJy remarked that our present knowledge of endoan^oMS 
and difjiiaion is not aiifhcient to lead us to the correct intcrpre- 
l&tion of vital procesftes. Dlecovenes sucti &a Gr^am's, tliat the 
chenucal union of certain lubscanoe* may \ie broken by shit^^le 
dilTLisitjn, lead us to anticipate tha-t nmiiyiih^cure [joints connected 
with these viul prucesaea may be elucidated, and tlat vre tnay at 
length he enabled to determine witli some degree of acciiraey, the 
reHuItH whioli voulti be prod need bv bringing heterogeneous uialterv 
in rontnet with a cell of certain dimensions, definite thickness of 
the cell- membrane, known contents, &c. At present we are only 
nhio to cunjt'cturc in the moat general manner the mode in which 
certuh] physical and eheinienl proeesse^^ are effected by the agenc 
of cell*. We arc especially indebted to Mulder* for pointing o 
the various modes hi which eell-f(»rniations may possibly cont 
butii tiownrda the \ital economy of the plant, 

Wc ricxt pufta to tlic consideration of the fortnation ofthott 
fUM'mtrt'ffrjiou* rnbfioiiri'S, wh'reh are common lo all plants, 
Snd are cj^pceinlly cbAruelerised bv containing, in addition to 

• V*n^ Piner |>hy>ittL Chwn. B, 7«l-7fll [o' English i«Mlfllion, pp, Tl*-?**} 
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Cftrhon, liTiroc^n [vnd u\ygen in ilie sume proportion as iJiey 
cxi*t i[i wuter, and uLiph liavc, tlicrefore, receired the irraiitMial 
iJesignatioii uf ctirhtt-hyilrateit. ITie firat origin of these sul>stftncea, 
which we meet with 'wv their more a.<lvnnced stages of ticveiopment 
a'^ dextrin, au^ar, slardi» and cellaluac, hns, with apparent eor- 
rec'tne»a, been refened to the decoa)[Kjaition of carbonic aold 
under the influence of liyht. The opinion can snarcely be niaio- 
t^ined in these days Ui;it the t'HrhoJiiu dt:id in the green cella of 
the plant is inatantancoaily decomposed, and that the separated 
carbon combines witli undeuonipo^ed water to furm dextrin, or 
Augnrn Unleas we hare recourse to the direct inten-eiition of a 
vital principle, or to some metaljolic force of the cell, we must 
admit it to be highly improbnhle thai the lioiida whieh hold the 
oxjrgen and carbon in close combinAtlon should be suddenly rent 
asunder. As we are still very ignorant of the proportion existing 
between the absorlicd carbonic aeid and the ejchaled oxygen, we 
can only regard the view as tenable in very general term*, tliat a 
deconi posit iirn of water is associated with a partial dcoxidatiou of 
ihc enrbonic acid, Liebig has indicated the special ^^routids 
irlrtcli support the view, that the decomposition oi water cierts en 
inflnence on the separation of oxygen during the action of solar 
light upon the leaves. Liebig's opinion that those organic acids 
which we meet with in Tarious quantitiea io all plants, as oxalic, 
tortaric. citricj and malic acids, may be originally formed by the 
nmoltaneous decomposition of water and carbonic acid, gains a 
certain nmount of probability from the confirmation or explanation 
which it furnishes in relation to several other facts. Thia liypO' 
thesis derives sjiccial support from tlic fact, that the alkalies occur 
tn iLGCurately hmited q^iantities in plants, and ef^peeially in their 
green parts; for if onty a definite quantity of certain bases Is 
nercss:iry to the life of the plant, we may retidlly understand that 
ihev will io the first place Ije employed for the aatnratjun of the 
Aoid."*, and that wjien this acid by suijacqucnt forties has been con' 
»crted into dextrin, sugarj or other indifferent niatters, the same 
amount of bases may again serve for the ^afuration of newly 
fiirmed acJd ; and it may even be a?tbiimed that tlie alkali itself 
fontrihutcs towards the metamorphoais of the acid into these 
uidiflerent subslfincos- We should tind no lack of attempted 
tfxplaoatioTis drawn from snalogien of better known chemical pro- 
crises, were we to advance further into the domain of pure livpt*- 
ihmis; but it must be home in miJid. in tiideavunrin^ to suppoit 
»uch cunjoclures, that this pri>cesft of dtosidulion *'?4t<'nc|g its 
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actintr beyond the final generenon of deiirin and simil^ir reufnLJ 

rarljoljytl rates, ^H 

In Addition to these subatancca, we find tnwiy wliich are vxdcW 
distributed in the vegetable Kingdom, and contun far i«ss oxygen 
than the carbo-hydrbt«4 ; aa, for in^^lanoe, the nleagijsunB fats ^'"^ 
«nJ resm«, «id *<?veral which ure eiiiirely witl»oul ujtygt*n, thait u 
lo sav, n large number of flhereal uiU, caautchnur. &c. AVhen. 
moreover, we perctivc that oxygen i* given off, whilst carlwnic 
dcid is taken up, it would ueem a* if the devel^iped oxygen aere 
ihe combined resulc of the qunntilies of the gas yi^?Uled hy !i«ver&I 
very diierent suhntances. Seveml [ihylo-pliysinloiical TacIs seem 
to inil!cale tliot Clie vegetable fat* and was are cspcdally eencraled 
from the carbo-hydrate known as starch, wliilsl daily ev]»ericnce 
prof^ thnt those ethereal oils, \ihich fir« either deBcient in oxygen 
or entirely without that substante, can only he produced un^'er 
the protoi]gcd qcIioii of solar li^ht. It \i, therefi»re, not only 
not impoMiblc, but even in some degree probable, that a number 
of dilferent processes of dcoxidation \vh'ich extend to substance* 
which have previouslv lietii mure or let* freed frum oxygen, are 
HininltanEousIv called into activity under tlii^ influence ut' sn\ar 
lii^hl. Do di^ercntly coiisliluted cells co-operate in these varioi^^ 
reductions^ Is it only one, or are there acvenil matters wiiic^H 
under the influence of liitlit, e(Teet the eliniinB!ii>ri of 03;y:;cu froin 
higldy oxyjienoiis aiibslances ? These, and nunn.'roua oilier que*- 
tions of a similar nature, foree theniselvea u|wn our iiotiee^ hut, 
unfortunately, in the present state of our knowledge, they do not 
adrikit of «atisfactorv replies. ^^ 

In conairloring the processes of de<t Nidation,, which &re <^'>^^| 
nected with tlie life and growth of plants, we should bear in min^^ 
that some instances may occur in wliicli ihe deu-xidation is accom- 
panied hy a dcveli>]] merit of carbonic acid instead of a separation 
of oxygen. Licbi^* lun^ since noticed during the prosecution of his 
experiments on fern len tad on, pntrefaetion, ami decomposition, 
that oxygen was tal^en up hy the organic aubsliinces during soodH 
ol these processes of decomposition, and that then several otomi^' 
groups of carbonic acid were liberated from this combniahon, It 
depends entirely U|fnn ihe relations eviiiliiif^ between the osy^Ten 
that is absiirlied and the rarhunieacld which is developed, nheth 
the remaining suhstance is richer or poorer in oxygen than 
ori^nal body. If the volume of osygen which is added be I 
tlia.n that nf the carhonio acid which is evolved} the remuni 
or^ nic boily will be le^is oxidised^ and will therefore apjieai 
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u if it were deoxidised, cTchibitin^ a decided process of reduction, 
notwithstanding the aljsorption of oxygen. Liebig made oljserva- 
ttan8 of tills nature on the formHtion of uarbo-bydratea front 
organic acids ; if, fur nistHncc, G (rquIvnlentEi nf ox)'geri be added 
to G equivatlenta of tartaric ncid, and if 12 equivalents of carbonic 
tcid arc devcIopGd therefrom, wc t>htain grape augar, which is 
rpletivelv much poorer in osrgeii (li C^H^O^ +6 O — 1"2 00^^= 
C^jHj,0,j). Srun-b might l>e similarly funinjd from tannic acid 
(Ci»"fit)in + ^:0 + 4HO^(iCOa=C,jH,oO,^). If more complete 
observatians end experiments almuld ennhle us to prove that this 
kind of deoxtdiain|^ process ha^ n more general iip plication in the 
vital economy of plants, inanv points might lie eiplained >A hii'h 
niH present considerable obscurity^ we might tliua cuiiiprrfhend 
why* notwithstanding the reversed interchange of I'Bses which takes 
plaice during the ntght, organic motion pursues its undir^turf>Bd 
fljurse after the resloration of the less oxidised matters; that is to 
jEiy, why tfie evolution trf ojcygen during the day is not cxaiitly 
Indanced by tlie ncetumal absorption of that gas, W't need then 
no longer wonder thai a |ihvnt mny drag on a miscTfthl<i e-\i9tL;ncc 
in ftfl inclosed apace, since it generates for itself thruutrU the day 
Tile oiygen necessary for it during the nightj and, conversely, 
eihales ibe carbonic acid during the ni^ht, which is again lo serve 
for its nutrition through tht day. This circulation of the oxygen 
ts onlv apparent, for the oxygen which has been separated from 
iu comhiuation with carhon daring the dpy, serves in the night to 
eifract a hirger amoimi of oxyj^eij, together with some of the 
carbon of the organised matter* Thua we see by Erdmann's 
admiruhle experiments on Trarfescanlia discf/fQi*, that a plant* may 
ecmtinue for years to vegetate in an unhealthy condition, although 
vitliout entirely dying, when placed in a hermetically elased 
vessel. Tlie death of some few leaves or stalks serves in these 
tnsca merely to prolong the life of the plants and Ui promote the 
formation <jf new buds. The air within the incUised space where 
such plants had for a kmij; time vegetated, would at length become 
verv rich in oKygen, if the aboveHnenliotied parts, winch die off, 
did not contribute Ijy their decomposition to supply tLe new 
bnds rtith carbon in the form of carbonic acid. If the nocturnal 
interchange of gases in plants depends upon the process to which 
we have here referred, the necessity of oxygen for ihe life of the 
plant would he ohvion?^, and we shoold fiave a simple explanation 
of those experiments in wliicli plants arc found to vegetate in a 
non-ox vgen OILS air oiilv so long as the oxygen which is exhaled by 
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liny is siifTereil ti> reiriBin in the at.maapliere surrounding ttie plai 
and 13 not reniorcd }>y the ngencr of chemical mejinHi 

It still remains for us to notice a hypottieftis ndv.inn^ 
Mulder in explanation of the prooes& of deoxidution in plants, 
It leads us to tlie conaideration of a point to which we \u 
scarcely made a di^lnnt alhiRion in the ahave-menlioned hr 
thciio. Aa the property of nhsorhing carbonic acid and of cshi 
oxygcTi Is limited to the green parts of a plant, the idea nati 
presents itstlf that tlie clilorophyll on whi<^h this colour depend*' 
plnys & very important part in this jtrocess of reduciion ; althaugh 
we are unaljle to decide, from the facta before us, whether ttc 
ehlorophvll acts in the manner of a ferment, or whether this 
inleirharigfi of gases is dependent upon the formnlion of tlie 
rhlorophyll from bodies richer in oxyf^en. ^lulder has advanced 
the following liypothcsis, which presents considerable pl.iu&ihiljty. 
According to hi» view, new chlorophyll ia alnays bciiig formed 
under the inrtiience of h^ht, whilst the more richly osygenous ataroli 
is simultaneously converted into wax, which is poorer in ojvgen, 
wax heingj as is well know^n, constantly present^ together with the 
chlorophjlh On the other hand, microscopical ohscrvationji of 
the development of cclb and their contents render it very prohatjle 
that f^mnules of starch are gradually converted into globules of 
chlorophyll, which are rieh in wnx, Mulder supposes that the 
oxygetL uhich is developed during tl^c formation of wax from 
starch goes partly to the colourless chlorophyll, to convert it into 
the green variety, and thnt is partly given off, in a free state, to 
the surrounding atmosphere. Draper is n»ore disposed to re^-ard 
ohlorophyll an a ferment, and he urges^ as a pnHif of the deconi'- 
position of the (nitrojienous) chlorophyll, the above-mentioned 
fact that planlfl alwayis dcvelope acme nitrogen in addition to Uio^ 
oxysren which they gi^c off in solar light- 

The nifrogenoitM componnda generally, and ninre especir*!] 
tliose whieh are included under the term protein-liodies, play no 
leas important n part in the life of plants than in that of animals ; 
and there is no hnng ccU in the plant which does not contai^_ 
albuminous substances, either in the primordial utricle, or in sor^H 
oilier form. AVherei'er the vilal activity of the plant is most 
powerfully develo]jed, the cells src f*und to he most nthlj 
endowed wit!i these suhsbances; as, for iustance, in tlie tibrile 
the roots, as well as in the floxver ei;d leaf-buds, in the poll 
granules, in the embryonic sue, nnd more esj^cially in the seei 
Although the^e local relatione sutliciehtly indicate the impoftancc 
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of these substances, they do not olTbrd the slightest explnnatjon of 
thtTir mode of origiti, Muklrr ilties, iiuieeil, (^oiijerLure, from Lb« 
mijre abundant occurrence of thew siibstJVUceB in the ctlla at the 
ftpicefi of the roots, that they arc formed here From the ammoniiLcal 
€ompoun<t3 of the humus acids (as they are converat'ly decom- 
posed into these &f'\ds end ammonia by the action of ctmcenirated 
hydrocblurk' acid) ; but even Lf it be gnuited th^it the am maniacal 
3nlt» re&ch the plant only or principelly through the roots, and if, 
further, it be shown that manv of these absorbed substancea 
«ndei^ chemical metamorphoses in the fibrils of the roots, the 
frequent oeeurreuce of sninioiiiaciil sake in the rising sap of the 
plmit seems rather to prove ihat their metaniorphoais must be 
ctTccted at acme other point. It U not improbable that the 
protein -Ixidies are prineipally formed wherever the process of 
fwluetion is most practirnble, jls, for instaFice, in the leaves. On 
ihe one hand, we kiiuw that all prorelii-badie^, mid eHpeeially those 
obtained from tiie vegetable kingdom, contain a conaidcrabk 
quantity of sulphur: and, on the other h^^ud, we leam from 
K- Wolff's* carefully conducted ash-analvses uf the differet^t eom- 
ponent parts of plants, that tlie sulphates, as alresdy obKerved,are 
ficctimulaled In early &prin^ in the bud'4 and leaves, nEjilst they 
diuppeared from all other parta of the plant: and that the 
(^wannty in \^'h'u?h they occnr in these jiarts la too large to admit of 
tlie 5uppnsiti<in that they are derived from the proteln-FiubslaTiees 
almuly present in the leaves; we are, therefore, naturally led to 
the idta that the aulphaies must be already accumulated in the 
leaves at a very early period, aitd that they undergo only a gradual 
reduettun in order to be applied to [lie formation of albuminous 
aub5t;inpes in |trnporiion lo The quimtiry of ammorna with whirh 
Uic plant is su^Jiibed- We can hardly refer the deoxidation of the 
sulphates to atiy part of the plant except the leaves* and, on this 
aix^ounti we may assume that the^e organs allbrd the tiiial stimulus 
rtquireil for t)ie complete development of these snits. If it would 
nut be carrying us too far into the region of conjecture, we might 
huarcl the remark tlial aa the alkalitic carbonates contribute lo 
tlje formation of non-nitrogenous bodies, the sulphates and 
phosphates may also take an important share in the formation of 
protein-hodies, sndi a cntijecture deriving plausibility from the 
simullaneous occurretree of phosphates in all thoac vegetable 
Cr^na which are rich in protein -bo dies, and from the genendly 
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regarded by many as the essence nnd seal cif all vital Activity* I* 
endeavDuring to Ua<:c the intimate relations existing between ttc^e 
raittLially' allied suHstsinces from a chemiciLl as veil as a pliyslt^i 
point <»f view, we were neu^fssarily led lo the ijotKsideration of the 
continuoua inetamorpboacs vhicb tliey bad undergone during life, 
and of tbc causal con miction of tboae pbenoiuena whicb seemed lo 
correapotid with delinite purposes in the Ui'iug organism. It ctily 
remains, therefore, for u* to take a cnlleetive and genera] view uf 
die mutual ri^lations In wliicli the diflVrent juicea sl«nd to one 
anotlrer, the interHiangc of their constituents, and the dependence 
of the changes oF anv one upon another, nc upon all the othen, 
afid thus to afrii'e at a general conclusion regarding those pro- 
cesse* known a* the metamorphosis of animal matter. 

Finally, in this, the tliird volume, we bove treated of the 
mechanical and chemical relations of the masiics, which are eoti' 
solidated in1<» cells, tibres, and menibnuies, as far as this is possible 
in the present very imperfcL-t state of our knovled^^e ; and in these 
structLirea we have recusjiiised not merely the hollow skeleton ur 
framework bctwccJi the parts of which tbc separate currenU of' 
these fluid masses move and circulate in umntcrnipted motion in 
order to satisfy the diiTereiit requirements of life, but we have also 
discovered in them the apyiaratus by which the most intense and 
peculiar actions of the animal organism are manifested- 

Many might he led at hrst sight to suppose that vc had! 
Bccumulated a suRicient moss of materials froo] all directions lo 
enable us to gain a deeper insight into the vital phenomena o(^ 
animal life, or at ail events to dcliiieate iij few but chamcteriAtid^ 
OutliTkCs the <:bemiatry of tbc animal organiara ; but the more 
deeply we penetrate into the obecurity of the metamorphosis of 
animal matter, and the more carefully we investigate the materials 
in our hsindsj the more plaiidy do we perceive the deficienci 
with which we have to coutemh We have already frequentl 
taken occasion to notice bow little aid we have derived from 
previous scientific investit^Fations in estahlishing general con- 
clusions regarding any "ipeeial group of nnimal molecular motions. 
It ia therefore wholly unnecessary to enhirge upon these de-vfl 
6ciencie3, which we have already noticed in detail in the methodo- 
logical introduction to the first volume (see vol- i.^ p, 8), We 
shall certainly not exceed the bounds of truth, if we maintain lb 
we are still entirely deficient in tlte very first principles neeesia 
for a scientific treatment of the theory of the metainor pilosis 
matter in the animal organism. It ia merely to clear ouraelvc 
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BF tlie iui]>utatioTi of exuggfratiim or the Inve of jranulcu in 
tbililishing this propoaihon, thai we agiiin refer to tliost points 
kidi we noticffll under Xhv head of ETCudntions (vol in-, p- 1:2,1], 
nd ftgftitk in treating of the moleculnr forces which a.rc active in 
be ftnimal fxxly (pp. 163-lGK), where the lamentablt^ ciindition 
f our po^ittviz^ knowled^ in ttm plainly nhoweJ. QuailttatLve 
n^j'SiA faiU us when wc attempt to investigate tho different 
fcages of transition and mctaEnorphoEtis nf the most essential 
chstr&ta of the tissues in a state of clifinge. whilst the entractive 
Qfitt^fA, in the abaenre of any mtiinial esiilanatian, have received 
he moat vanouH interpreCationa, in accordance with the imaginative 
deas formed in reference to them hv "liferent ohaervera. We have 
Dore than once admitted our fear tiiat Uiere ia no speecjy prospect 
|if anv ^Tftit advanre in quRlitative rhemica! analysis, nowithHtaiid- 
ng the light which variuus deparlriierjts of this branch of science 
l»ve derivctl fnmi the genius of Lit'big ; and we have, on the con- 
rmry, expressed our conviction that it required numerous and 
Dore rarefullv condiu^ted eHtimtiTes of ihe quantitative relations of 
he consLltuents of the different nninml juices, liefore the me^^hani- 
nl mclamurphoais of matter could be plnced on a sufijciently 
lecare foundation to admit of our studyitig its chemical nature. 
We observed, in conciuGion^ that even the moat exact naeasure- 
nenlA of the riHSses and velocities of t\\e molecular movements of 
natter, in which tital activity ia roanifested, did not enable us to 
Itun to a truly acienttfic theory of the metamorphosis of matter 
long as we were constantly surprised by new and unevpeeted 
ibservtttions on the action of molecular forces. Rven if we had 
nattered all the elementH of thi^ inductive inquiry^ and could 
race the mcthanical nnd chemical features of the mctamorphosia 
if matter, we shrjuld still be unable to comprehend the internal 
connection of the individual links of this great chain of phenomena 
^we should he uniible to master the causal dependence existing 
^tween the diU'ercnt facMirs of vit*d motions — in shorf, ne should 
»e unable to i^ive a sch'idific tj-jflaaalian of the meehanico- chemical 
vrocesses in the living organism, until we had acquainted ourselves 
irlth the yet unknown kws of molecular foreea. 

Before we attempt iff take a gencriil review of the molecular 
novc^cnta in tlic anim:)! organism, we think it will be expedient 
Q add t[> the aliove remarks upon the formation of or^raiijc 
natter in the vegelalde kingdom, a rompariftait between ihe acfwn 
^ Iht^e fiiyccs in the tvo ^rcal divisions of living Ixjdiea— the 
tfffiod/c and aniirtai kmyduttis. A companion of this kind has 
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fteqnentty hecn attempted mad caiTwd oat with tnar^ or k» 
mccc^ts, and psins hAf« been taken to tncc tluongli their minutevt 
modificatioDs the differenees presented b]r the specific methods of 
combination occtirrin^ in the two kinj-doms, and the peculiir 
laoltaof the iDdiTidoal forces manifieated id theactliffcrvntvplicra; 
hot an ex^^rated leal for aharplT defined distinctions of objecbi 
baa freqaentW led to asserdoos whidi have isther tended to retard 
than advance the counc of inrcsti^tion^ It akn«^ seems like a 
ntire upon Liebig's thou^btfol researcbes, vhen we find tht 
distinctions l>etween tbe two kingdoms of luture laid down in BUch 
a manner as tbe following: — *^Tbe plant gemtnUet neutral noit' 
nitrc^noui bodies, soch as fots, sngar^ ttarcb, «nd gum; deam- 
poMfM carbonio acid^ water, and salts of ammonia; derrfopes oxvgen ; 
abttrrb* beat and elcctridty; is an apparatus of redttctioHf and is 
immovable, Tbe animal anmaut neutral non-nitrc^enous bodies, 
sncb as latSf starcb, sD^Fj and gum; jr^Mra/efcarhonic acid, water, 
and salts of ammonia ; ahtorb* oxygen ; dftthptt heat and electricity; 
is an apparatus of Aridation, and b movable/' But nature will not 
be restricted within such narrow bounds, and in the teeming rich* 
ness of her forms and pheitomena, she speedily burst the bonds with 
which tbe human intellect capriciously attempts to restrain her. 

Many of these distinctions are applicable when considered only 
in their most general bearings. The idea of a perpetual circulation 
in nature is most forcibly expressed in these two series. It is 
undoubtedly true that the organic matter which is generated in the 
vegetable kingdom is for the most part again destroyed in aninula, 
but the idea that animals consume only protein-bodies, fats, and 
carbo-hydrateSf and cannot also in part generate them, is an assump- 
tion which partly is false, and partly does not admit of proof. No 
one can any longer doubt that the anin^al body possesses tbe power 
of forming fat from other matters, such as protein-bodies or carbo' 
hydrates (see toI. i, p. 255), It yet remains an open question 
whether protein -substances may not also be generated in tbe animal 
organism under certain conditions, although it is most probable 
that such substances cannot be generated in the animal body 
(vol. i, p. 34fi). If we except tbe lower animals, we certainly arf 
compelled to deny that the animal organism possesses the property 
of forming starch and cellulose ; but sugar and dextrin are con- 
stantly generated within tbe bodies of tbe herbJvora during 
digestion by tbe action of tbe saliva and pancreatic juice on the 
other carbo-hydrates (see vol. ii, pp. 31 and 114 ); and even in the 
bodies of the camirora the liver has been recognised as a seat of 
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fomfttton of sugar, wb«c*i 

rereccntJjproTed by cmrcfiJffWiiiiMMii* WeMi 
wtat a number of gn b tait rw an forwed n ite 
Hu'h n«ver occur in tbe «g«»iifc kw^doat. It hss videad tarn 
ktal«d that the*^ sulKtancvB *ra CMip i^ p wA rfi «l 
uulancin. hut what an esacdtal dilenjuc Ckcrc ; 
"one acid, and iheix bofao-^^ne^ tkoof ^mI '*■' * ■-—■'' 
could delemiine, on v^nag tuifiiw «r cjriaa^vfeMh^ it 

from the vegetable ar d» mamal fci ag Ai M, if 
iiant of the origin of thoc «rbiliTwg» ? T^oac 
if«s, tbe biltaiy AcidA, iiarr a» ■i n lt ^ a t w ia the 
(Jin, tior can «e deny to tbe Maaal aq^Mw 
property of generating new- fw^aic BMien vicUa kadf; t 
tla« re^spect the animal organimi is tttt mmth. m ibe nse 
cHtion as the cliemist in bis bboraftoiT ; bolb refKR^ ftv tke 
|Hrt at tea^t, ready-forraed orpuar ^tfcr^ iran w\ 
new mbstances foreign to, bjt analofooi vitb tbe pi >^ a «i «tf 
Mfcetable kini^m. Aa manr of die eiencvd HMawi of 
antma) Ikody contain somewhat cnjnplffB aiann af 
the pniposition that atiioiab girc off to tbe dtcnal vary 
acul, voter, acid ammorua, u only half fnw: lor 
Itgard tlti^ unTi€ coUeedvely as aa aanaoaiacal aril, aftrf 
tbe avue viev regarding ibe tanriate af tbe aolMi 
although, furtlier. we cotuprnc unJ^ tbe aaine bod^ and a» «f 
«}ual value wilEi tbe carbuoic add and nteTf tbe fanao^ 
Bccl]{-% ard cApruic ociHs of the tvtal — ft jtft canwt be 
men and animsd^ dajiy give off Snctir to tbe Qicraol vovM a« 
^icterable amount of pmtein-biMbcs; hbck tbe wU excf^ 
-■ arc never fn&e from mucus, and liooe tbe 6emf^^a^ao mi 
Ihc epithelium and tbe ahraafm of otfacf homy livmca nrr^am a 
koB in these complei hodie*. the anroiM of vUefa naye^ca ba 
■acertatned br m^xiemtely rarefbl iaveatigvibna, 

1c is abn perfectly true thai the regelahle odl, sbicb ia fsfMble 
of ov^rpowcHag tlie slrofigest chemical cucnbttuajonsy wBmhmttm 
oix'^en frnru the atmo^pbenc io^redienta, carhonic aod, and waltf* 
mxd M able to 6x the indiffereni ralwtaacc^ aknseo, «biJ«t tba 
kniniBl gertn can only 1>e (levelu[3rd by ihe co-operaticM of jImio 
>pWic Dxrgen. It cannot be denied that the aepaiauon ol oaj^n 
b %Ue vc^tahle organhm c^jnatilutcsonr of the principal fnomciitM 
of chcfnic^rital activity, and ihat a prvgrcwiTt inotion ii induatA 
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rtat[>\ate Ukc greiLt series of the cliemical lulislmtn of Ui<^ ^iiiinidi 
hodf, we at once perceive ihat there are four prind[»l groups of 
mbsbmces in wliicJi llie Tital proccs»C3 arc manifested with the 
grente^L iniensitv. Amongst these the niiruminoiia suftittutc^i or 
the so-called protein bodies, and t^ei^ dmratrrr* are Uie mo8i 
conspicuous, A mere ^upeHicial glance al ihe occurrence of ft]l)u-i 
Ttien is auftieipELt to show tliat xU\s tnusi be une of llie una 
important substances in the wliolc ftnimaJ liudy ; we have m 
with it in the largest quantity in tlic blood, mid in all those anim 
juices which contribute directly towr\rds the nutrition of tb6 
organs, and a niftre careful eiianiinntion of many of tlie animal 
ti^Eies shows lliat albumen requires only autne very sUght luodifi- 
calions to become consolidated under different forms; as. foe 
instance, when it contributes towards the formation of the solid 
contractile pnrts^ under the form of syntonin (muscle-fibrin), by 
whiL^h alor:« both the voluntary and involuntary movements nf tbe 
nuimal body are eifectcd* AVe found it lK»th Lu a dissolved a.ndAii 
uridissolved form in the unost dclieate organic combinatioma, as, for 
instance, in the contents of the nerve-tobes — -structures by which 
the animal essentiaHy differs from the plant, and in which ibe 
hi^liL'st ffjrcc of all animal hfe may be said to lie liiCaLcd* While wc 
are compelled to admit that chemistry is still miable to furnish the 
lon^ looked-for explanation of the internal constitution of albumen 
nnd of the huhstances most nearly allied to it, as syntonin, fibrin, 
and casein, or to trace the numerous morphtj logical metamor- 
phoaes to which they are subjected, wc arc &t\[\ less able to answer 
the question, wherein lies the capacity of these substances to preside 
ox'er the highest functions of life- As long as the chemical ques- 
tions regErding the difference of albuminous substances of identical 
or similar composition remaui undetermined, we have uo imme- 
diate pripspect of solving the physiological problem of what it it 
which cnpaeitntes lliese substances for different i^ital functions- 

We find that the finimal germ is surrounded by albumen and 
casein, containing snltsj together with a little fat and traoes nf 
HUgar ; hence it is to the albuminous contents of the e^'j. that we 
must refer the development of the organs of auimal^i including 
even thf»e srrtietures Avhose suhsiances do not appeiu" very similar 
to nlhumen. Animals obtain during the period of lactation^ besides 
fat and ^iigar, c substance which, with the exception of a small 
arttoiuit of sulphur, contains the same clcmcnta, and in the sa 
proportions, ns albumen; at the period, therefore, when tl 
f(rowth of tiie ^elatigcncms, non-nlbuminous tissues requires the 
laq^est supplies from without, the body is supported by the same 
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ij)c compounds wliich occur in such large quantltic?« in its Irue 
Lfnl fliud, the blood. Herbivorous aiiimnla do not find any 
jfilaiioe analogous to gelatin in their vegetabLe food, and hence 
^y must generate it from the albuminoua su]>sCances of pUnta, 
die solid bssies of the animal organs oonsUt of nitrogenous 
U which can only onginaLc from the albumen> on which 
rant we have named them derivativca of protein. Although 
tnav entertain no doulit that the EilbuminouB substances are 
tujdJj metamc»rphoged into the non -sulphurous 4.N>natitueuU of 
gelatigCTious tWjeTJ llirough the agency of the oiygen which 
'enlerH the blood, we are not able to advance anything beyond 
mere conjecture in reference to the mode in which these processes 
of metamorphosis are effected. We are still ignorant at the iuter- 
meJtnte stages through which the albumen ur the cnsein un- 
doubtedly pasaca before it appears in the form of a chondrigcuous 
suhst^nre, nor do we comprehend the internal connection, although 
the inetnnrinrphosis of chondrigei'oua into the glutigenouH tissue 
takes place almofit directly under our eyes. Althoug;b we may 
ioecccd in exhibiting the result of these meiamorphosca by very 
vmple formula*, wc do not by that means the more clearly deter- 
mine the actual nature of the process. 

Ttie c|uestion whether the blood-ftbrin constitutes the necessary 
transition-stage from albumen lo chondrin and gelatigcnous ttsaupj 
has been more than once propounded in the preceding pnj^es (we 
vol. I, p- 396, and voL iii,<f». 13/), and we might with equal justice 
Uufuire, whether the chondrin must everywhere precede the glutin 
in tl»e formation of connective tissuL?, the tendons, the akin, &c- ? 
A very simple scheme nf these forma of metamorphosis might 
rt«dtly be deduced from a theoretical combination of the formulte 
representing the composition of these substances ; but even if we 
were jiocurately iUT|uaiiited witli the rational composition of all 
these complex <iuhstances from a chemical point of view, our igno- 
rance of the individjal conditions of the process would prevent 
mir being able to decide with certainty which of the many possible 
conibi nations and modes of representation e:^pr'essible in formuliE 
ibould receive the preference. We have here to inquire if thai 
fufmula is the correct one, which imitates a process of deeompo- 
titdon (or indicates the metamorphosis) in which atoms of oxygen 
4re abided J and water and atoms of carltonic acid are abstracted; 
or whetbcT the preference is due to that formula by which the 
labstancc undergoing metamorphosis yields known escrelory sub- 
■t-inecs in siddition to the main product; or whether that is the 
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correct one ivhich derives a new substance fron^ the ongmal o 
b^ t}io mere substitution oF mdividual elements. Tbere U o 
circuinsturoCi however, wbidi nppf&ra, at nil ei'enlSj lo prove 
the siitiplc^sL chemio&l equMion is not always t)>e must correct! 
ihesc procesaes, which secm to depend upon such highly com 
ented conditions. For, when we find that a eoncurrence of tnan 
different suh^ti^ikceB is necessary to the ai^eomplishment of mui 
pracessps, Bs, fur instance, iliat nutrient matters are only im 
fcctly, if ftt all, diK;cated without the presence of fat. — that no oell»' 
fibre, or membrane can he formed without the presence of 
pliosphaies* &c.j — we can st'areely suppose that & simple foro] 
based upon an tinestablished atotnic coEuposilion ean express 
true process of the metamorphosis' Tliere are certain subsUncea 
which nc^cr occur iaobtcd in the animal organism during chemical 
metainorphoses ; thus, for instance, wherever albuminous matter* 
occur, non- nitrogenous carbo-hydratea are always present, how- 
ever small may be their amount; wherever fata are formed or 
decomposed wc always meet with albuminous matters; ^rhilat free 
acida and alkalies occur in almost every part of the animEil body. 
Althougb we may not admit the necessity of the concurrence of 
iwii or more entirely ililfcrent &uh»tances in the ca?>e of inJividual 
processes, wc rather conjecture that such a necessity obtains from 
the analogy of those processEs which we are able to induce in 
oi^aiiic substances that are not included in the sphere of vitalilv. 
We perceive vcrv clt-arlyfrom aaludy nf theprorcis of fermentaticin, 
that one organic substance cannot c^ist together with another 
unftergoin^ the process of metamorphoeis, without being imphi^ted 
ill an analogous molecular motion, corresponding to its constitution. 
May we not conjecture that the suliKiaiiccs formed oiifler these 
conditions possess the tendency to combine togetJier in their 
nascent state, and thus ^We occasion to the formation of certain 
complex ptoms, in which chemistry has recugtus(>d pro?timata 
constituents, conjugated com]>ounds, haloid salts, &c. ? It 
here that the recent chemical theory of the subatitation 
certaifi elements by other more simple or compound molecules 
will find the most extended application, and where we shall dis- 
cover new proofs of the generally recognised ]}ro|io&iLion, that 
nature, lender all circumstances, accomphshca the most varied en 
by tlie Eimplest maans. Hence it would he difficult to pro 
and iiidee<l it appears almost improbable, that those nitrogeno 
matters which have less affinity with albumen, as for instance, the 
anienal pigments^ the resinous acids of the bile, Sec, arc tlte simp 
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9 of the JecompoJtirion of albumen orglutin; an<l,on sevcrnl 
Lsp It miglit even be suppust^il that these nialters have bctfii 
i>mied from the products of the AimuUaneous decomposition of 
ciitni|^efioiis and non-nitrogenous bodies- The result of thoae con- 
i<ler«tions and of &1I the attempts made to e?(pkin the formation 
md decomjKisittan of all these nitrogenous subfltanreH, keeps ub 
■ritbiD n circle of mere probabLlitiea and pus^^i bill ties, ivitliout 
nAnrding any soiid support for the maintenance of any one vtew 
in preference to Brother. The only fact which we deduce from ft 
•impte compnrison of the empirical conipu*iitiori of tliese snb- 
■tonces, and frtrrn corresponding ntatistical iiivesti^Btions regarding 
U^e metamorphosis of matter in the animnl bod)% is, that the 
«lifiererit phages under which nitrogenous molecules appear in the 
animal nrgnni^m must be essentially dependent upon the inspired 
tyxy^etif and tliat tlie latter, under the most various c]r<:mnstanccs> 
gives origin to the numerous metamorphoses whJth the molecules 
of albumen undergo before their final change into urea and aimilar 

y[ii a second group of suhatanffia which we have learnt to 
gnitfc us important amenta in the metamorphosis of animal 
ter^ wc must place the fats. We considered their physlo- 
bgicaJ importance^ origin, and final destruction ao fully in the first 
jiart of this work, that very little remnins to Iw aald on the subject, 
Vfc learnt (voL L, pp. 259-272) that the fata, be^^des the manifold 
siccliamcul serriees which they render the animal ore;anism, alao 
lake part, through their chemical meiamorphoseSj in the most 
varied Ftniiiiid proteases, that they take an ac^tive share in the pnweM 
»f digestion in the prima: Fin?,and that they preside generally orer 
«U ilie procesaea by which the fluid nutrient substanees arc con- 
verted into the fioLid subntrjitA of the organs. The formation of 
the rulourEess hlood-corposcles seems also to owe its first impulse 
to Ute mcCamorphoAis of fut, which thus aerves as the most im- 
pdrlant auxiliary in the formation of blood. We also, in the sune 
pUoe, drew special attention to the fact, that no animal cell 
ftnd no fibre was formed indeperidently of l)ie presence of iat. 
Indeed, the fat appears to possess the property of predisposing 
tlie animal organism to the formation of celLf. Thua^ for instance, 
whenever very large quantiliea of fat are introduced into the 
organism, as in tlie fattening of live stock, the connective and 
subcutaneous tissue of different parta exhibit an extraordinary 
tkilinbcr of cells, all which contain fat. A cell-formation of ttiia 
kind reijuircs, however, the concurrence of albuminous substances, 
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which are derived from the albuminfite^i iTitrodu^^d into the 
orgnijism with the food, oa long as thcae arc supplied in sufFciejit 
quantity. Wiien the organism doca not find in the food aufficieiil 
materials to form the investing membranes of tJie fnt-cellE, it 
l>orro*s from the muscular fibre the substance with which il sur- 
rounds tbe fat ill these protein nTipsulea, When tlits source of 
materials for eel I- formation is no longer sufHcicotr the fat bc^ii* 
to ftccumulflte in the blood and other animal fluitia. These reaulti 
were deduced by PersoE and Boussingault,* from a series of most 
carefully conducted observations on animaU nhlrh were lieing 
fattened. A similar scriea of mctaniorpliosca may be frequently 
observed in different morljid conditions ; all the stftijts induced 
from excess uf fat may be traced in the bodies of dnink&rdi, for 
here a Inr^t^ amount of material forming fat is, as a general rultf 
introduced into the body, with only a very small quantity of fiul> 
staiiee that can be applied to the formation of cells ; and in the 
artiticia] f&ttening of animals, the fat has thi^ greatest tendency to 
collei^t in cells Uiat are already formed, as for instanee, in the IJi^er, 
and thi* ^vea rise to what U termed the fatty liver — a morliid 
change which induces a certain group of disturbances. In short, 
we see that the fat, eveji considered from this point of view, stands 
in the closest relation to the formation of cells. 

Whilst in the abovc-mentior^cd casc^t fat gives occasion to ibc 
formati*»n of cells in the animal body, we sec a tendency to the 
aeeuniuliLtion or new formation of fut m existing cells and tissuet 
whose nutrition lias been to & ccrl^dii extent altered (see vol. i^, 
p. 2GH). This tendency is moat clearly manifested in tljoae 
path ologi CO anatomical cases which have been commonly known 
under the name of fatty degeneration. These frequently occurring 
phenomena may l>e interpreted in two diflcreni ways; for it m:iy 
be ussuriied, cither that tlic fat uhicb ia already present mav be 
disposed by certain molecular forces to accnraulatc in the older 
and less vitally active celh, where it replaces the disap^x^aring nitro- 
genous tissues ; or that the fiit ansca directly from the nilroiienoua 
substrata of the cells or fd>rea» and that their nitrogen disappearH 
under the form of ammonincal salts or other simple combiuationa, 
leavirt^ fat as the secondary product of the decompoaition of 
albuminous matter. 

It must be observed, in reference to tlie latter hypothesis, that 
hitherto all attempts made to convert protein -bodies into true Fat 
by chemical meaiiB have proved unBucccssfal, although there is 

' Ann. dc Chim. Cl do PhjB. 3iiiq B^r, T. 14, p. 413-43^. 
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rtliTTigj in a cliemical point uf view, at varinnce with socb iu\ 
bunipLioii (see rol. \j p. 25W) ; indeed Licl>i^* has especially shown 
»t it is not only possible, but also probablCj in a chemical point 
' TJew, that the albuminous sjhstances of tlie animal hoi\y n»ay 
S convened into fat- We find that in the putrcfacticn, as well na 
i ihcgrfidiinlosidfliion of aJbuminoua siih3tanccs,thcreare formed, 
I nddition to butyric acid, a nuraber of ncids which helong 
ndtnibtedTy ti* tlie i^ronp ijf the fitty acids, iiiid are thus closely 
lied to the fats i indeed fat inny, under favourable condilioiis, be 
mTcrted mto nmmonia and such ffttly acids (butyric and vale- 
Dnio acids) ; hence it may fairly be assumed that under Che 
BCTuliar eondittnns presented by dead cells and tissurs In the living 
rganism, the jiracesa of decomposition takes the same course in 
itrogcnons matters as in the butyric or valerianic fermenlation of 
le prntein-bodies, with only this differetjce, that in the formaf ciise, 
bere there is only a small ^Lipply iti oxygen, oxides having higlier 
tr1io-hydrogei] radiL^ are furnied. Tf the formation of adipocirc 
«rc more cnrefally esamined, we should find that it prcacntcd the 
lost sinking ijistance of a Inie fatty fermentation of albuminous 
odics. Chevreul, aa is well known, Tound saponified fats rem- 
bied with ammonia and lime in !idipo4!lre, \\1iich led to the con- 
lusion that the nitrogenous constituents of the muscles undergo 
tie process of putrefaction during the formation of thia adipocire, 
hd that the ammonia which ta formed combines with tlic fat 
Listing during life to form soaps, whilst the greater part of the 
leic aad is destroyed, or carried away, or converted into mtir;;ftrie 
cid. Recent expenmeut!* made by Quaint and VirchowJ on 
be conversion of muscular tissue into adipocire in macemting 
roughs seem nitlier to give seme weight to the older opinions^ 
hat il was not merely the pre-existing Fat wbicli was aiiponitied in 
his process, but thut the albmninoua confitiCuents of the muscles 
rere separated into fatt)* acids and ammoniacal salts. This subject 
Equires, however, to lie niore carefully inveiitigated iK^for^ we can 
tfiture to decide to which of these hypotheses wc ought to give 
be preference. 

VirchowJ has long been one of the moat zealous supporters of 
be view that albuminous ^iubstance:^ are converted into fat wrihin 
he living organism^ This observer was the first patboloi^CGd 

■ Cli<iin. Briefe. 1861, 9. 4!>1 [or Latten on ChamiMttjf IB61, p-37l^>] 

t Mr<licu-i;1iirugicBl TruiBUcliunflp ItEOU, VoU 39, p. HI. I 
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•Ekfttomist who stu<tLed the »o-cslled &ttv tnetaniorphoQis in 
MTlun cellalar or[^n«. a.^ for irstnnce, the kidncTa. spWn, 
lirer, Ac, oiid recjgniseil Jt as one of l!ic more frequent lermini- 
lions of the process of inflamniaUonv whiKt Scbultxe* regarded 
as the product of excessive plastic activity {see voL ij p. 252] 
Virchow hks attempted, with considerable ingenuity, to show tb 
an af.vfssioTi of fat frucn without i-s scarcely (x>nceivable during tie 
fntty degeneration of entire organs and indiridual celU; but stiU 
we can hardly consider this view fully prored, on'in^ to the 
extensive difiusion of fat in most animal fluids, and the frequent 
depoaiticinB of fat in or^na enlarged by morbid prueeasea. 
interesting experiments of R- Wagnerf appear, however, to fumi 
the moat decisive proof in favour of tins view. When \\ 
found that te-BtJcles which had been introduced into the ftbdomiiial 
cavity of hens were completely changed and converted inio a 
shrivelled fatty masa^ he introduced crystalline lenEea, portions of 
coa^ated albumen, and FFimilar non-fatty protein bodies into the 
abdominal cavities of pigeons and other birds, and these, after a 
lapse of time vj>rvirig from twenTy-6ve to fifty-four daySj were also 
found ti» be wholly changed, leaving a residue, the quantitative 
analysis of which yielded, in addition to some traces of nitrc^nous 
matters^ a larger proportion of fat than the substance originally 
employed had conTained, DondersJ and Middeldorpf^ have suIh 
sequently made similar experiments with tendons, cartila^^es, ard 
bones, and obtained very nearly tbc same results as Wagner 
Donders, however, maintained that the fotty metamorphosis must 
be limited to the cells ; but this opinion seems to be refuted by the 
observation* of Wagner and others. As, however, Wagner him- 
self had started the objection* that Fat might be introduced from 
without, that is to say, from the exudation forming itself (from 
fat) around the foreign body, and might pass into the dissp[>eur- 
ing nitrogenous matter, more espedally as in some, although not in 
all case, the fat presented the appearance of having been intiltntted 
from the external surface, it was necessary to alter the experiments 
by cutting olf every supply of fat from without. For this purpose 
HuasoM,|| who had repeatedly confirmed Wagner's earlier obaerva- 
tiotiSf undertook a series of experiments under the direction of 

• Dfl oiIipiBgcnrai pathoIoBicu, Comm-pHDinio om. GrypTiio^ 1053, p, 17, 

t G^Ltingor gL>L Ann, ISGl, No, G, 

J N^'JcrLiTidscli Louct'l, SSet. Jaarg. 1, p. Ofift. 

; GuFiBbuTg'a ZQLtHlir. f. klin. htoJ, Bd. S, SL AO, 

11 05timgt>r goK Au£. IUt3- Nu. (. 
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Biftt physiologist, introJucing into the abdominal cavity of pigeons 
portions of albumen or crystalline lenses enclosed In gutta percha 
bags. These experimentSj in which there was only a very small 
Increase of fat where the gutta percha hags were well preserved, 
iccTD rather to speak o^inst the formation of fat than to confirm 
luch D view. Schradcr* employed cryslallinc lenses inalosed in 
ttoppered gUas tubes for simiUr esperiments : he did not, how- 
Evert make any quantitative analyseH, but merely thought be had 
lisrovcred the presence of fat hy examination with the microscope. 
. W. Bardflcht has recently carried on some very circumstautial 
xpeiimentSy m which according to Wagner's method, portions of 
IbviiTieii or erv<ttalliiie len&eA> inclosed in collodion or caiitit-^ 
houc, were introduced intci the abdominal cavity of timmalSf 
nd examined after an interval of a month or even d longer 
riod of lime; from these observations Burdach convinced 
iinself thai where the aniinal juices were entirely ('ixt off^ the 
rotein-body wba not metamerphosfd into fat, nor djd it 
ndci^o any essential ultcralion from the simple action of the 
nimal heat; whence it followed that If the proteln-substancea are 
hially converted into fat within the animal body, the free access 
f animal juices is at all events indis^xnsable to the process. Bur- 
ach also found that when the olbuminoua substances were eiive- 
oped in coilodtunT a very fatty yellowish layer of e?tudatton was 
rmed upon the latter, in consequence of the exudative intlam- 
atory process, in precisely the %ame maimer as when such a mass 
deposited directly upon the protein- so ha lance. It is, therefore, 
bvioufl that ihe yellow fatty rind observed in Wagner's exj«ri- 
tttfnts is not tihC result "f the deci)in[»Bitiou of the protein- 
tuhstan re, although it is possible that the whitish f;it which appears 
13 if infiltraled into the object (but sceniH to he nlvi&ys more 
iopioufily deposited on the circumference than at the centre) 
»iay derive its origin from the decomposition of the protein -body. 
pVitb the view of dttcT mining this question^ BurdiLch employed 
porous vegetable matters, such as wood aud cider-pith in pJace of 
llie protein-substances in hi^ experiments, and the results obtained 
■rere very nearly the name as those observed in the ease of nitro- 
^^bus animid matters, the yellow fulty exudation lieing deposited 
HBid these sub^ljmces, and the fat having been imbibed, through 
uie intercellular spaces of the periphery, into the innermost part 
bf the wood OT elder-pilh. 

I t DimTt iitiuig. med. R^nwntii, Ittoa. 
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At thta im^bod rfid not afford any prospect of deci^ling thi 
questif^n of the furmation of fat from pro1em<si]bsain€&<4 m the 
animal body, Duniflch hui attempted another metbotl, w'hii:h, sa 
far 03 we are ahle to judge at present, appears liliely to fornisb 
detiriil^ results. Comparative aiialyses of undeveloped and already 
developed ova have been instituted, witlt a view of &5certattiin|[ 
the increase or decrease of certain stdt^ or of sugar during the 
development of the embryo ; and the £rat question vhich 
presents itself for t^onai deration is whether the embryo does or 
doea not contaia more fat and less prut^irj-bi idles than the 
from wbicli it 'is developed. If tlic amount of fat in the 
iocreased in a definite ratio to the diminution of the protein-sul 
atancCj or of the nitrogenous matters generally^ the conversion of 
protein- matter into fat during the metamorphosis of matter would 
)k demonstrable at a\l events for tbia caae. Burdach certaiJity 
found in some e?cpcntnents which he mode on the ova of the 
Litnnsus stagnaliSf that there kbs no inconsiderable increase of fat 
during tJie development of the embryo ; but as these few ob.ser- 
vations did not coincide perfectly as to their results, the question 
must still be regarded as unJccidcd. 

The third group of the niofit important sulistancea of the animal 
body (comi>rising tlie carha-hydruttfJi) stands in such an intimate 
relation to fat, that in noticing these bodies we shall at the same 
time have occasion to make many additional remarks regarding the 
value of fat in the anitnal economy. We are only acquainted with 
four substances of this group a^ constituents of the animal body, 
namely deitriii, niilk-sugar> inosite» and grape-sugar (glucose). 
We have already seen tliat the carho-h yd rales (with the exception 
of the ccUulu^c deposited in the outer integuments of the Tunicatli^H 
(see vol.i- p-29J)) never consfituCe the basis of tiisues. Sugar wtnj^^H 
was formerly considered to bealnioi^t limited to the iirimae vis^bas 
recently been discovered in nearly all the animal fluids rthich co 
tribute towards nutrition, such as the blood, the transndutio 
lympli, chyle, the white of egg, &c. The sugar which we find in 
the intestinal canal of the licrbivora and oninivora owes its on 
to the inetamorphosia of the starch and other curbo-hydra 
through the infiuence of the sahva and pancreatic juiee; but su 
is also met with in no very inconsiderable amouitt in the blood 
the camivora (see vol. ii, p. 3LI)j and mnsL, therefure, 
dependent upim some other source besides the carbo-bydrat 
which arc introduced into the body from without. J have beci 
enabled by a number of comparative analyses of the blood of th 
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^^^Bind hepatic Tciua to give eo]i!4idcrnl>]c probability to the 

^TiSJJ* that the sugar which la formed in the liver — a fuct which 
VM origin:iUy dj^corerc d by Bernard, and subsequently coiitirmed 
hv Fn-riclis (see \tA. i. ji. 290, and vol. ii. p. 90) — owes its origin 
lu djc J ecan position of albuiutnates, and more pspecially uf fibrin. 
Tl>« I >0S3LbiJity tliat a (^arbu- hydrate may be coutaincd in ulbu- 
minouA substances as an intimate constituent or adjunct; as in 
ulicinj phlorhidzin, and amygdaltn, was tirst conjtctured by 
BcjTcllu;^, and has since been clearly dcEiiuit^tr&tcd by Liebig* The 
Emdcncy of albuminous gubatancca to pass into the butyric fermen- 
Utioa, ivluch U eepeci&Uy nuti;:ed in tibrin and casein, may also, 
perhapSj lie interpreted in the same manner. Hence not merely 
the bUgar which is conveyed into the bodies of herbivonjua auimols 
with the fuod iu the form of starch, bat especially that which is 
f^nemted in the organism itself, must possess hi^h importj^nce 
in tbe n^etamorphiDsis of animal niatter generally. It is a striking 
iactf however, thiit iiotwithstaniUng this abundant supply both 
from «rithout and from the liver, sugar is found only in company 
tivaly small quantities in the blood of herbivorous animals^ 
although it is present in scarcely sntaller quantities in the blood of 
the caniivora, even after the use of a purely animal diet. It is not 
icM remarkable ttiat nature baa provided the egg with a small 
quantity of sugar, and that tiic amount of sugar in the hen's egg 15 
increatied rather than diminished with the development of the 
embryn. These facts undoubtedly indicate that tlie sugar ur the 
C&rbo-h yd rates generally,^ as well as the fats, must serve some other 
purpose th:m that of muintainiDg the heat of the uiiimal body by 
their simple, although gradu:d o:cidation. It will he presently seen 
tliat by these remarks we do not by any means intend to deny that 
thi? develupment of the heat, which is generated by the consutu]>- 
tio» of these aubblancesj IS one of the most important objects of 
ihoir introduction into the animal organism ; but if the sugar served 
tolely to generate heat, we can scarcely explain why the quantity 
should iucreaae in the e^g during incubation, whereas we should 
rather expect that it wuuLd wholly disappear during the oxidation 
■nrhichaccomi>anies tinsproeeasofdevelopmenl. The question fur- 
ther arises, why the sugar, which is certainly present in far smaller 
qaanlltics hi tlie blood of the caniivora than in that of the herbi- 
Tdfa should itot [)c immcdiatdj consumed in the former, and 
rendereil uuameuahle to our leagentSj since the sugar occurring 
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in consiJermble quantity in the herbivonL \s vo rapidly reorioi 
from the blooti eitlier by respinLtJun, ur where this i-h inadequate Tor 
the purpose, bv the urine (see note tovoLi, p.293, in the Appendii). 

We are still very imperfectly Acquainted with those carbo- 
hydrates nnd their metamarphic products which occur in the 
Bjiimaj juices ; but it is very probable that in adilicion to Scherer'a 
ino^ttcj we may tind other Biiiiilar indifferent sub^tnnceA amang^t 
tlic extracLive matters of the animal LK>dy. We are, howeifert 
ftcquftinted nitli many of the acids which nre formed in the animal 
hody from the carbo-hydrates, as for instance, formic, acetic, and 
hutyric acida, wliich occur in large qnaiitiUes in the sweat, and, in 
ndtlitlon to tbe^c, lactii? acid, which is associated with them in 
the muKculnr juice, in tiie parenehvitkntoua juice of tlie amooib mus- 
cles of the stomach, of the intestinal canal, and of the fjladder, hi 
well as ill the middle arterial cftat. 

We have already seen that in the small intestine free acid \s 
commonly hiund as far as the middle of the ilcjm, notwithstanding 
the access of pancreatic juice and bile; here its use is as^uredl^^ 
not merely to dissolve the nitrogenous substances ubieh wer^H 
not digested in tbe atoniacb, but also csseiAlially to promote the 
resorption of the soluMu constituents of the chyme- "llic adm^^ 
rable experiTnenlB of Jolly* have showfi ub, that the endosmoti^l 
equivalents iif llie acids are extremely smallj a.^ eompiLr*f<i ivllh 
the equivalents of the alkaliesT for be found the equivalent of 
hrdrated sulphuric acid=^0'350, but that of hydmted potash 
— 215"725, nnd Grahamt found tlie difFuiihihty of the acids ei^ 
tremely great, and tliat of the alkalies very «mall; it, thercfoi 
stands in an inverse relation to the endosmolie equivalents. Grab; 
observed amongst other things that an aridified albuminous Qi 
w»s much more ditTasLhle than an ulkaUnc aolution of albumen^ 
Wbenever, therefore, mi alkaline and an acid fluid are separated 
by a membrane, the main current of the interchanging lluids will 
always be directed towards the alknline side, nnd hence it is most 
obi'ioua that Ibc acid of the small intesUrie must aid in essentially 
promoting and faeilitaling the resorption of the curients. Ther^_ 
can therefore be no doubt that the car bo-hyd rates, or rather tha^H 
m:id produc^ta of metcimorphoais, control isome impcirt.'Mit function 
in the intestinal canal which does not stand in any direct relation 
to the procesB of respiration. We need hardly have recourse to 

* Zeitfldir r vrL Mi-d. lid. 7. a Ki-Ut 
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ta^ well IsnowTi to the physician to prove the (ruth of this propo- 
^Boti, since the ph^nameik^ of indigestion in gnstric ontarrh, and 
ihe Cemporary benefit fkrived In tliese oon<iitions fmm the use of 
ai-iiJfl&re uow explaiiieLl fly tlieae purely physical relutionfj. 

Tliis proposition acquires atill higher importance in reference 
of the tinimal functions^ when we consider the antaffonism of ihd 
KoctioriH of the diAerent animal fluids, a condition which we shall 
more fully cnnsider at a Future page. We will here aimply observe, 
ihat we find, when wc examine the mixture of Iho animal juices 
ftlre^tdy noticed^ that on the one hand the free acid is associated with 
phosphates and potash-ialts, and on the other hand a slrongl^ 
alkaline rencllt>n ^vltU soda-salts and chlorides. These occurrences 
ve not tlie reault of iLCcidetJt,and Liebig, as wt ahall prertcnlly see, 
b&s wiUi hia usual ingenuity and Buccess elucidated the object 
ftud necessary results of this peculiar grouping of the acid and the 
alkalif ftod of the different salt.^ in the ainmal organism. If we 
attend only to the constant difference in the reactions of the differ- 
ent juices, we shall have to admit, that the alkaline nutrient fluid 
of the blood mu«t, in accordance with this phTsical law, transude far 
less readily than the acid piireiicbymatous fluids through ihewalls 
of the vessels- Even if the remarkable play of affinities in the 
phosphate of soda mi^ht often givo lise to an acid reaction^ such 
an effect could scarcely be produced unless carbo-hydrates were 
introdiiced into the body, df generated within it, by whose con- 
reision into acids a part of the base would be abstracted from the 
phosphates taken w^ith the vc^ctahlc food in order to convert them 
into acid saltsT until the alkali, after being freed by eomhustion 
tVum its organic acid, might recnmbine with the phosphate. 

If we deny this function to lactic and other organic acids, we 
could not admit the occurrence of an acid reaction, or what is tho 
uime thing, the formation of an acid phosphate in the organism, 
if the earho-h yd rates, without forming acids, acre consumed 
in tlie same manner as in our furnaces or crucibles. The ash of 
plants always eihibils an alkaline reaction (excepting in the case 
of £ome seeds), and conserjuently the food of herbivorous animals 
could otdy generate alkaline fluids within the body if the carho- 
hvdrates were not, partiidly at least, converted into acids, and dia- 
tributed with the phosphoric acid nmongat the bases, thus serving 
to restore the acid ealts and the acidly reactint^ fluids. Nature 
has, therefore, provided by thia beneficial distribution of Hcids and 
alkidiea fnr tht; removal of all effete matters from the tissues in the 
moat rapid maTmcr, and for their transference to the blood, where 
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they are employed in muntaining uiiinBl he&t, or are entirely 
removed hxtm the body with the urine and sweat, whilst on the 
other hand equally efficient means serve to render the passage of 
deleterious matters from the blood into the parenchyma of the 
organs extremely difficult, and to bcilitate in an equal degree 
their expulsion from the organism by the aid of the urine and 
sweat. 

Moreover, the carbo-hydrates^ or rather the sugar^ may very 
probably accompUsb some other less striking functions before their 
conversion into acids ; thus for instance^ the sugar in the alkaline 
iluid of the blood certainly contributes its share to the solution of 
the carbonate and phosjihate of lime, as is very obviously mani- 
fested in the development of the embryo in the egg of the bird. 
It long reniained a myateiy to the older observers, how the salts of 
lime could be augmented in the embryo, and it was believed or 
assumed that the lime must be derived solely from the shell of the 
egg ; but even if some acid salt of lime may be formed during the 
period of incubation, and may pass into the juices of the developed 
germ, yet the sugar, when ]>resent, combines with the alkali or lime 
in the alkaline fluid, and may then dissolve the carbonate of lime 
as a compound of sugar with lime or soda, a ftu:t which has been 
long known and has been recently brought to notice by Barreswil.* 
May not the capacious size of the liver of the chick during the 
latter days of incubation be the cause of the greater amount of 
sugar which is found in the albumen of the e^ at that period than 
before incubation? And may we not conjecture that the liver of 
the foetus of the mammalia, which, notwithstanding its sIec, 
secretes very little bile, may serve to generate sugar from the pro- 
tein^bodies ? This sugar, which I have determined with the 
greatest exactness in the fietal blood of calves, is assuredly not 
f<jrmed in the liver simply to be consumed, for even if the albumi- 
nous suljstances in the fcetua are partially appropriated to the 
mainteiLance of internal heat, they would hardly be 6rst decom- 
posed into sugar and other substances in order to effect this pur- 
pose. The fcetus, which requires sugar quite as much as the young 
animal during lactation, generates it in the organs designed for 
that purpose, and the blood of the fcetus with its small amount of 
alkali has less tendency to decompose sugar than the more alkaline 
blood of breathing animals (see voL ii. p. 255). 

We have already frequently referred to the application of sugar 
to the forniaiion of fat, and we will, therefore, simply observe that 

* Moml«ur InduBlrieL 1060, No, IMS. 



ftrrording to I^e1>ig,* the furmatioii of fat from Kugar may be 
cxpUined ill two different ways. It moy in the ore cose be anolo- 
gcMia with vinous fermentation, or with the formation of fusel oil^ 
the atom of sugar being decomposed into ciLrhonii.- acid^ a.nd into a 
snihalance poor in oxygen; or in tlie otlier case, the sugar may 
Bodrrro a process arftlogOQs with the butyric fenneiitation,hy racana 
of wlfich the hydrogen ib in part a^istrarted from the carbo-hydrate, 
»nd (*arhomc acid escnpes, while a aub^tanee poor in oxygen 
remiiinit in the form of one of the known fatty ncids. In the 
Ijutyric fcnuentAtton, one atom of au^r is decomposed into hydro- 
gen, cnrbome acidj and butyric acid tC,^ H,^ Oij^-lH-f--lCO^+ 
Ci^H-O^. HO); in the formntionofcaprylic acid within theanimal 
Imdy, tM^o atoms of sugar become decomposed into tiic alxivc-^ 
named acid, carbonic Acid and hydrogenp the latter combining to 
form water vhlh the oxygen which it meets <rith in the blood 
(C^* H^O^ + 4O=4HO4-SC0^ + C,^ H,^ 0.,.HO). Lieliig ad< 
duces an iii!ere:4ting experiment in support of the view to which 
ve have already referred, that the formation of ^t is ejected in 
the liver. When piccea of calves" liver arc chopped up in water, 
ij\A suffered to itand at a temperature of 39° or 40*^, an extmor- 
dirtary amount of pure hydrogen gas will be developed in about 
lour or £ve hours; some ferment must, therefore, bo developed 
bcrc, vrUich is crtpabic of separating the hydrogen from the 
crargen. In every case the deposition of fat within the animal 
bofly IwtrayH a certain deficiency of oxygen, showing that the 
anuiunt of oxygen respired ^os insuJHcient to allow the coiujilete 
MparaUon of the sugar into water iind carbonic acid. 

Tlie part t^keii by the /ata in the n^etamorphosis of animal 
pioticr has alrendv been very fully considered in the first vuKmie. 
We there showed (after diiicosaing the mechanical objects fulfilled 
bv the fata io dilfcrent parts of the animal body], that tlicsc Mih- 
stances aocompbih definite purposes in the primce viwj and that 
they appear to be powerful auxiliaries in the formation of cells and 
tiaauea^ whilst tlieir ample supply of carbon and hydrogen, and their 
cnduftl oxidation, enable thcui to oontnbutc essentially tovards 
tKo generation of animal heat- We shall refer in a future page to 
anecial value of the fats in relation to the genaration of hesit- 
We now posd to another group of substances, whose occurrence 
tbe bodyi and whoac importance in the animal economy have 
ly (>een considered in detail in the Hrst volume of the present 

Thi«^tiemi«. 18**1^ 9, 102. Cheniiache Briefu. iS^h 3. 400-4^3 [or 
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work. On taking a girncral rrtra«p«iiTe view rf the 
wliicli occur in ihc aah or vbich we Basnme to eiUl 
^Aptcnrgenie talln in the antm&] juices, certain general considei 
wbich we have not hitherto noticed demand our aueni 
We have frequently had occBsiun lo refer to the numerotta 
which kUU Appeit^n to the chemical onaljsia of the incomlMislil 
cnnntitncnU of vegetable and antaial substaoc^s, and which 
iflrily ohlrga lu to exercise great eautian in applring the rentlta 
juh-an^yaea to the explanation of the phTstoLogic^ aftions uf 
Kubstanccft which irc found preformed in the living body. It! 
AU^icntly cTidcnt^ bowCTer, that the^ iiubstance» play 
important partj and thit nocwithttanding these defects in 
analytical uielhods, they are more accessible to e^act in' 
tlian any other constituenta of the orgiioism. If any doubts 
exiftt as to the neceaaity of their preaenee for animaJ li^, we need 
only refer vith Liebig lo the series of experimerits instituted by 
KrcTJth investi^turs, in which animals ft-ere destroved in isore or 
\e*ii* jjiii-f periods of time v-hcii fed upon substances containing no 
Nilts, although otherwise nutritious. We also learn from other 
cxpcrirnentfi, in which animals were fed on subsUtnces which were 
delicietit in certain mineral eonstituentSf that a certain group of 
these bodies contributes eiscntiftlly towards the nutrient [Mjwer of 
the different articies of food, Liebig has especially dravm atten* 
tion to this ohscure and mnch nei>lected question^ which he hoa 
made the object of nnraerous experiments, and b^^a again recently 
BtudiedjWilhhisaccustomeJcare and completeness,* ably elucidating 
the nuraeroua relations borne hy these suhAtatices lo iodividvial pro- 
ceseCQ) as well sb to the entire economy of the animal organism. 

It is a stn^lor circuiretancc that it shonid hare been reserved 
for our own day to define with greater e^faetrjcss the inequality in 
the distribution of the/rce acid and of theoMc/iin the juices of the 
animal Iwdy. Andralfi' who was the first to institute observations 
in relation to this subject, prosecuted the inquiry purely ^h 
relation to medical diagnosis, and hence they did Tiot yield ad^| 
actual benetit to physiology; here, too, Licljig was one of the 
foremost in the field. If we revert lo the experiments on the 
different animal juices described in the second and present volumes 
of this workj we shall perceive that the blood constitutes the main 
repreacntati^^e of thoae animal fluids uhicb are distinguished by a 

■ ChcniMho Dricfo- IBal, 6. iitG-$ii for Letl^ri os CQwnuitiy. Lgudw 
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hddtd alkaline reactiotu wliiht the juices of the most viiall^ 

idive organs have a decided a<^id reaction. Besides the MooJ, 

ihrrc we only few of the animal fluids wfiich are constarfly alka- 

lint, A*, fur instance, itie lymph, the chyle, anil tlie tTsnsudatioiis. 

Among the secretions, the snllra done exhibits a strongly alkaline 

nci under certain pbysialoL*ienl conditions, whilst the bile and 

pcLncreatie juiee are so slightly alkaline that they are often 

iTDable, under ordinary coiiditioTiST to neutralize the acid masses 

which enter tlio duodenum from the stomachi On the other 

Wd.we know to vbat a liegrcc the gastric juice is distinguished 

fiif «s acidily, and that the acidity of the muscular juicp varies 

Jirt'fTly witfi the activity of the c^rres])ondin^ organs ; tlie nioftt 

ncent ciperintenta of Du Bois Reymond and Liebig showing that 

Chc muacles, wlicn at rest, contain no acid juice. The parcn- 

diymatous duids of the spleen, the ibymus gland, the smooth 

miucles, the liver, and the supra-renal capsules, all contain free 

"acid. Thi» antithesis in the prep0[ule ranee of the alkali and tlie 

idU U not only apparent in the mass of the coarser organs, but 

ows itself on a close examinatioD even where we should not 

ipect tJ> meet with such differences, as fur in3tan(^e,in theeggand 

he blood. Although the fluid of the yolk exhibits no acid reaction 

ow^ds vegctahle colours, ret it is faund^ on a closer e:(an:]ii]QtLUnt 

differ essentially from that of the white, which is so rich in 

albuminate of soda and alkaline csLrbonatPs as always to colour 

hunueric bro^vii, whiUt the yolk-duld is so pi^or in alkaliea that 

\the casein contained in it is separated in gramdes. A\'c miglit 

J^rli^Tily regard thia casein as Ulc free acid of the yolk, if the aijh- 

inalysi^sof the latter did nut sliow that tike mineral bases are 

insuilicient to saturate half uf the phosphoric acid contaified in It 

■M vol* 13) p. 360). In cKamining the blood, wc find that a 

difference exista between the serum and the blood-oells precisely 

limilar to that which we have noticed between the yolk and tiie 

ivhiie uf thee^g> If we are not mistaken, C. Schmidt has sonie- 

irhere suggested tbat the contents of the red blood-cells may have 

an acid reaction ; the numerous experiments which I hav-o made 

III relation to this (juestion have not enabled me to arrive at any 

defanite results; but if we consider the comjiosition of the mineral 

tonstjtucnts belonging to the blood-cells as first determined by 

Schmidt, and if we bear in mind the fflcls* which have been recently 

established regarding the behaviour of thr; crystalline substance 

>r the blood, its acid reaction on coagulation, the amount of 

* [Sec QoLc ta voL ii, p. IBS, [im tht er^tiatlint mait4r cffnlainfd in the hloai- 
niU) in Ihe Ai)|iendix-1 
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inrtephoff^mLes which it contufu, fto, it Lfcciroes higbly 
bable that the content! of the blood-corpoBcles hare either 
sclQ«ny add re&ctian, or ihaC, analogoosly with tlte yoIk-'t!u]d» 
contain sntntances which are able to saturate tbe alkoiics. 

When ve consider all that hcLs been ascertained in reference 
the nature of the free acids in the differeTit atiimftl juices, and 
that has b**n let forth in diflerent parts of (be present work, we 
find that wherever free acids occur in the paretichyiua of the organs 
arid phoaphfUrt are invariably present, or that where an acid re- 
action cannot be directly recognised, phosphoric acid is always met 
with, either ronjogated or simply combined with casein, globulin, 
or glycerine. The proposition may^ tlierefore, be eatablishcd for 
all animal juices, which are neither accretions nor excretions, that in 
all juices which exhibit an acid reaction the soluble phosphates are 
especially aceumulated, for it has been found ih^t whenever the 
mineral constituents were determined hy the ordinary method of in- 
cineration, the ash of all these juices, whether they exhibited an acid 
or a neutral reaction, was niuch richer in phosphates, aiid e!^pe- 
cially metaphosphates, than the ash of alkaline animal juices- A^ 
all these jiiiees naiur^^ly originate in the blood, ii would nppear 
very singular, iilthou^^i by no iiieans incomprehensible, that cer- 
tain of these juices, as for instance the muscular juice, and the 
fluid bathing th^contraetile 6bres, sboL^ld exhibit such a strongly 
acid reaction if free organic acids and rheir alkaline sails were rot 
also sinniltHiieousW piesenl wiili r]ie arid phosphates. Tliis free acid, 
which as we have already seen, conshts essentially of lactic acid, to- 
gether with a smaller quantity of volatile or^anie acids, is originally 
generated in the parenchyma of rheorgans hy their own functions, 
and the neutral phosphate which has passed from the blood is he 
^rat converted into an acid phosphate; such ai all events ia 
caao with the niuseles. which Du Br»is found to be nithout 
acids when in a state of rest, Weare^ therefore, disposed to ad 
the view advanced by BerEeliiis many years sinire, that this aeirl 
reaction is not the requirement, but the result of the function of 
the muscles. 

Moreover the earthy phosphates are also brought into solntion 
in larger quantity by the ori^urrenre of free ncids, than would have 
been the case by albumen or casein alone. It need not, lhereAin% 
eiicitc onr surprise, if we tind large quantities of these phosphates 
present in the ash of the animal juices, for such a fact would at 
first sight appenr to be the mere result of a chemical necessity ; 
hut wc linvL already shown that altlioogh no free organic acids are 
fonncd anew in the parenchyma of the organs, the occurrence 
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«Cm1 ph<isp1iates in thf m, iLtt^o1l^h striking arid inexpli entile, \a yet 
i»fit inconccivohle. After the wonderful discoveries of Graham in 
ppfcririice to tlicse oomplii^ated oud^*^rnotip pUcnonieua, which have 
httlierto been so imperfectly reduced to definite Inws^ we need no 
Ifinger be surpriae<l when we aee an acid fluid separating ^om 
the ftlkAlinc blood, or nn acid pliospbate ncparatio^ from the neutral 
phoftph&te^ and perruealin;; the coats of the vessels. A similar 
view most be taken of the faintly acid or nentral fluids in which, 
at all events al present, no organic add haa been recognised, as for 
instance, the yolk and the contents of tbe blood-cclla ; for it is cer- 
tainly not verv probable that these odjant'ls, or faintly acid bodies, 
«och as casein or glycerine, shrmld be capable of deconip<ising the 
neutral alknline jdio'ipli^fe. 

We rauit here refer lo an observation which is intimately con- 
nected with the above-described facts, and which bears upon the 
influence of these unknown laws of diffusion and cndosinoaiB ; we 
iHude to the fact first observed by Llehig during bis investigation 
of the muscular fluidj and subsequently con5rmed by C Schmidt 
in hifl inve^rtigfltion of the contents of the blood-corpnscles, namely, 
that these fiiitds. which are ^^o rich in pboKpliate^^ and which exhibit 
AU 9icid reaction, contain only n small aniuiint of soda-salts and 
Alkaline chlorides, whilethey are very rich in potash. Tliis observa- 
tltfn 1 have been able to confirm (ate p]). 71 and 87) in examining 
tbc |>are«ichrmalous juice of the different contractile tbsuea ; for I 
fouTtd that ocjd sweat, which was almo.^t entirely free from phos'- 
pboric anid, contalued a mudi lari^er qumilitj^ of |iot-"iHh-JUilts than 
were contflined in tbe alkaline animal juicee, which were richer in. 
phosphoric acid. The experiments hitherto made on endosmosia 
und diffusion hdve indeed afibrded some indications of the readinesa 
with wbich the potassinm-componndH transude, ulthough they 
have not yielded any more precise resulLs ; Graham's* moat recent 
experiments hare merely demonstrated that hydratcd soda and 
liic aodft-fealts in ^nernl are diffused somewhat more strongly than 
bydrated potash, and the corresponding potash-Rait. Here again, 
therefore, we are deficient in the ekmenl^i necesflary to furnish an 
explanation of ihcBe phenomena ; that is to say, we are ignorant of 
the physical laws, whose ai>phcation to organic nature, and whoso 
utility in provmg that all vital phenomena are results of a physical 
necessity, consHtute the true essence and the ultimate aim of phy- 
aiohjgical chemistry and physiology. Aa long, therefore, as we 
continue in ignorance of the leading physical premiaeE, wc should 

■ Chemldl GaxPlIc, IflOl, pp- 200-3*6. 
VOL. II T- 4 



226 



METAMOBPHOSIS nr TTSSlTI, 



'1 



■batain from liavhig recourse to leas efficient agents, BUf:li u nci 
ruus force and electrical erdosmoais (although, as Du Buis Kcr- 
mond has shown, these ore not without their influence) ; letiat uf ail, 
however, should we conceal our ignomnce by colling to our aid &ny^ 
pecLiliar vital forces. H 

But if we do not rcpird the occurrence of free ncids, acid pijo^* 
phates, ond an esccas of potash -sal la as purely oceidcntnl, in so far 
Bs vereoo|i^>jse their preseitce as fhe refult o/rt neeestit^j that la ta 
say. aa tht> e6Vct of |ihyaical laws, we ore nisu eijunlly hound Lo 
consider that their presence may not be aocidenLd when 
examined in a teleological point of view ; that is to say, we cu°;ht 
also to inquire what purposes are accomplished by the occurrence 
of the free acid; the ptiosphates^ and ihe potash-salts in the duida 
of these organs ; or rather, what effects are necessarily produced 
by the presence of these sjbstanccs in the organs under considera- 
tion. The present stale of our knowledge does not, howeveft 
enahle us to decide this point with more certainty than we hai 
alrcJidy indicated in the 6rst valame, when Ireaticig of lactic aeii 
and die phosphates. We are entirely unable to conjecture the 
effect which may he produced by the simultaneous presence of the 
phosphates and potash-salts on the metamorphosis of mnterr 
either in the organs or in the surrounding parts; for mere surmiaea 
and hypotheses regarding polar aiitithese.*, and the liltR, call for no 
ftirthcr notice till we arc more conversant with the effects <^^ 
polarity, ^H 

There is, however, one point of view which must not be whoU^^ 
neglected in onr tonsider4itiotis of the iinta^onlsni of tlie rcnctions, 
and of the dlfierent salts occurring in theae or^iLsand in the blood, 
ftince it may, in this respect, possibly present the idea of xxi anta- 
gonism between tlie organ and iha blood under such an aspect as to 
necesHitate our relinquishing it entirely. Here, for instance, the 
question especially arises, whether the acid reaction aiid the amount 
of phosphates in the Huidsarc solely dependent upon the quantity of 
fibre-eella or Bmo(>th muscular (ibrcH contained in the organs, or 
whether tliey are definitely associated with tlie organs as such. Thui, 
question luust certainly be answered before we enter into furthi 
discussions or investigations, since sit ninny facts appear to shoi 
that this free acid, nnd this abundant supply of phosphates mu 
potash-salts, which we bate found to be the constant associates 
the smooth muscular fibres, occur in the variouH organs solely in 
proportion to their number of contractile fibre-cells ; we neetl here 
only reier, by way of illustrAtionf to the fact, that organs, such 
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the spleen anil the muscular layer of t!ie inlc^tinnl canal, whirh tire 
es[»cia11^ rich in conlmctilc tisaucs, are also especially ilUtiu- 
piinhetl by the amount of free acid, &c,, which they contain; wliilst, 
on thr other hand, the juice of the salivary glanrls and nf the pan- 
creiis, in which Kolliker diacovered few or none of these fihrc-cells, 
■re diatin^iahcd by their ftlltaline rcELCtion and hy their poverty of 
IMtaah-xalts, T have ascertnined from direct observation that the 
middle coat of the acrta and the A., innominata yields far less acid^ 
pboppii&ted, arid potanh, in proportion fo the amount of fibrc-cellst 
thiR the same tissue from middlc-siaed ttrtcries. It requires, there- 
fore, tiirther and more exact investiijations to determine whetherthe 
jraice i>f llie spleen and similar organs fythihits an acid reaction, &0i, 
nimply lierause it is hlended with the juice bchniging to the fibrc- 
eclls, or whether the prcaence of these substances is inherent in 
the organ as such; hut still it must lie confesfied^ that our histo- 
chemica! investigation a render the former view by far the mure 
pmbaMc. 

We likewise meet with accumulations of phosphates indopcn- 
dcntlv of the presence of free acid, or the formation of acid salts, 
in parts of the animal ]^dv where their presence has either served 
certain definite purposes, or where it is still reiEiilating rertaln func- 
tions : instead, however, of recurring t^j the observations we have 
already made in relation to this suhjeet (sec vol. i. pp. 4 12-41 f^ and 
440), we will here merely refer to the following facta. All histogenetic 
fliil»tftnpe« are almost inseparably combined witheensiderablequan- 
tities (»f phosphates, so that ibe two are alwaj's dissolved together, 
and arc again associated in all coa^ula or precipitates obtained 
from thrir solutions. The bases of all completply developed tiasues 
always contain in their ash eonsiderahle quantities of phosphales, 
which for the most part are in the proportion of 1 equivalent of 
phosphoric acid to 1 equivalent of base, and therefore occur as 
mrtAjih^Mphates i a^ for instance, in the case of the muscular sub- 
stance, niid the substance of the connective tissue of the lun^^a and 
of the liverj afLt»r heir^ thoroughly rinsed in water according to 
f-lcln^'s directions. Hence we may conclude, that acid phos|ihates 
must have been present in the recent tisaucjor rather that a por- 
lion of the phosphoric acid was combined with organic mattent- 
We have further seen (aee p- \3^) that all secretions from the 
blooti, which are difttmguiahcd by their plasticity, exhibit phoa- 
phaf^a, which nlthough not nlway^ present in lar^^o quantities, 
never fall below a certain amount; and the admirable observations 
of C. Schmidt have shown that a certain quaiititv of phosphates ii 
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«oC Bcrrir to 
1,^^ hy iti^<rf oacrtDBiftCT' ti>eoCfaert but 
to iIh iMfiTido*! alofiH of thrir ooiMlitBCato; llut u lo mj, H n 
■oCbrinilMiecoaestovi c^vofarafto-tlieoUcr viuch kdinctlj 
eonvtftcd Into arbocuc muI uad water, bot vUat the-aeptfalc 
atom of bydrogeo of tkeiw^rare qajdacdj there agfttofmcd vm- 
on deriratives before w obtain tbc final imiIli of caibonie acid 
and water. The length of tiiiic vrbkb* ai hiMg* has ifaawoj U 
f a qnir cd for tlic complrtion of iDacif cbcinkal pnjcea acA eitcraal 
fo, and independent o(, the induence of living or^ouams, makea 
lh« gr^ual and tlowcooraeof cbemicu'vital proceneakai remark- 
able tban it «rv fonocil; aappoaed to be. In ordn- thai n-e nujr 
take OUT fttand on direct obMrration, ve irill pus id rerievr tli« 
hMliT'dual corstitaetita of the blood, and briefly cooadder tbdr 
fdat^oni vthilftl ttk«y are ftiniultan«oiialy subjected lo the indocnn 
of die frevr ur slightly combined alfaialics aiid of tJ>e oiygec at t he 
Icmpcraturc of the hriiig bodr. ^H 

We will begin with the organic acuU, which readily flt>d in 2^^ 
inconsiderable qaantity transude into the blood. Er^iy one wbo 
hai Rpent even a sLiort time in a chemical laboratoiy b aware of the 
rapidity with which organic acida, or rather the sails wliich llier 
fomi with alkiJies, begin to ciccoinpoae when there i* an eseeas of 
the alkali, eren wiiere there is a very slight access of osy^n. Fluids 
jiTeviously colourlcas become brown ; we generally remark Ihefor- 
niution of vegetable growths; and a closer examination shoi^^s that 
products of o:(idationf such as succinic acid, &c., are genex^ed. 
Lirthi^ haA evtn recommended gallic and pyrogallic acida aa tlie 
heat eiidioTiietrie agents, owing to the high oxidising capacity 
riliihired fiy Uieir alkaline salts. Il^e well-known discovery of 
Wwlilcr, which has justly excited so much attcntiout is, thercfbn^, 
iiothiiki; extraordinary, and certainly does not prove that the animal 
body pciKstsnei* an altogetlier special oxidising capacity, equalling 
in iiitentiity our atron^esl oxiilising agents. Tl^e means are 
preci*oly the sumo by which organic acids are consumed 
within and without the organism; the apparent intensity of 
oxidi«iri|^ power in the blood is not owin^' to nny special force, 
is ill** mere rrnult of a peculiar comphcation of ci re um stances. 

V^'c have, moreover, seen that the carbo-hijdraUs coTitained 
nuLricnt. niBttC'^ for the moat part reach the blood in the fonn 
gmpo-nttgar. We can hardly wonder at the rapidity with whi 

• Aon. d. (Jh, a. Flioim- Bd. flA, 6. IM-SOS. 
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Uie lntt<!r dUaiipeiLra fruED the circulation, if we remembi^r that thza 
sii^r, when nasociated with an alkali, is capable of taking; up 
eumbineU oxygi.'n, and uf withdrawing it fro^u o<tidc of copper and 
mAftjT other o^ddes. 

Our experiments show that a less striking influence is ex- 
erted by the alkalies on the oxidaliciTi of l\iie;Jaijt inid/'tttj/ adih ; 
in.dccd» di.rcct observalioua appear to sliow ihjit the fats in the Uwud 
tre os.]dized oiucli less mpidly than the carbo^hydraten, or even 
than the albuminous substnnces. Urea mfiy he detetrted in urine 
Asapntductof tlie oxiduLion of the Nitrogenous matters of the 
fiKMJ, lon^ before tlic coniijustion of the fats can be recognised in 
the au^menLition of the eicpirod c.irbonic aeid (see Nutrition) ; 
whilst facts muy 1^^ advanced in proi>f of the gradual oxidation 
experienced by tbi- fals under tlie netioii of jin nikali and oK3^gei). 
Wc need only refer to the occurrence in the blood of acida hoino- 
U>goiis U) the ^olid fntty acids, aa for tnstanecT in certain aecrotiens, 
w>d more espfeially in tlie sweat, where the wliole eeries of acids, 
from fumiJc to eivproic aciJ, has been exliibited with tolerable cer* 
tttiilty. Thus, toOf botyric ferniejiLaLiuUf like lactic ferine ntstion^ 
rcquirea th<^ addition of equivalent quantities of the alkalies for its 
perfect accompiishmenl. Alttiou^h ws may deny the appellation 
of fftta to those lipoVdA, such as diolesterin and seroUn, which most 
pnilmbly are formed only in the blo^d, they iietray in many of 
their properties ao ne^ir an affinity with tlieae bodies* that in our 
i^oiunce of their^ <Jri^n, it would scarcely seem at variance witli 
tJie truth, were we to refer Ihem to the oxidation of the fata aa 
rcaiduapoiir in oxygen, In tlie same manner as we refer humus to 
the de^>mpo:iitio]i of wood. 

Chevrcui and Schcrcr have recently sho\m thtxt /uffnmiin [the 
eolouring matter of the blood) when dissoK^ed in alkalies is able to 
continue unchanged for a prolonged period, nnd that on the access 
of utmospheric 2tir it instantly attracts oxygen, a Lid becomes con- 
verted into a colourleaa body- The want of a more careful exami- 
ttatiuii of these facta ha^ hitherto prevented the exact coin[>arison of 
this form of metamorphoais with that which occurs iu the 
blood- 
No one can doubt that the afhmnluotis su&ntances of the blood 
undergo a gradual oxidation before they can be employed in the 
formation or renovation of the tissues, although we certainly are 
still unable to determine the extent lo whieli the alkalies influence 
their oxidation and further mettiinorphuats. We know only this 
much, tliat the alkali of the blood must aid in abstracting and 
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oxidbing the sulphar which is peculiar to all protein-bodies; and 
ve need only refer to the method recommended by Mulder for the 
exhibition of the albumen -protein and the fibrin-protein , to show 
the importance of the alkali in this form of metemorphoss. 
Hitherto, at least, we have not aniTed at anjr proof of the 
co-operation of the alkali in the further oxidation of the albu* 
minates. 

It certainly would seem probable, from a careful examination 
of the chemical facts in our possession^ that this simnltaneona 
action of the alkali and of the free or imperfectly fixed ox^n 
upon readily oxidisable substances, might afford an explanation of 
the entire process of oxidation in the animal organism. But this 
is by no means the case, and the present affords an instance of the 
danger of being led astray, by perfectly correct but isolated facts, 
to adopt extreme and exclusive conclusions. The highly complex 
chemical processes which prevail in the lower sphere of vitality, 
are not of a kind to be comprehended in their entire complication 
of actiona and reactions, by one individual Unction taken indis- 
criminately from auiid the involved and inseparable links of the 
great chain of causes and effecta ; for even when, by the strictest 
application of the inductile method, we have thoroughly investi- 
gated the most important factor of a process, we have by no means 
elucidated tlie process in all its bearings. We frequently enough 
encounter contradictory phenomena, which sufficiently show that 
we are deficient in the elements necessary for tracing the whole of 
these phenomena in their causal connection. Such is the case 
here. If, for example, we were to draw the conclusion from these 
facta, that the process of oxidation could not be accomplished in 
tlie animal oi^anism without the concurrence of free oxygen and an 
alkali, we should err quite as much as if we were to conclude horn 
the same premises that all oxidisable matters which have once 
reached the blood must be consumed, provided only there were 
enough oxygen and alkali present for their oxidation. The 
following examples will serve to show the erroneousnesa of such 
a deduction. Starting from the proposition above referred to, the 
opinion has been advanced that diabetes mellitus depends solely on 
the absence of the necessary quantity of alkali in the blood in 
this disease, and that consequently the sugar is no longer 
consumed in the blood (Mialhe). So far as my direct investi- 
gations of the blood of diabetic patients extend, the moat careful 
aeh-analyses do not show that there is any such diminution of the 
alkali, nor do the analyses of the serum exhibit any diminution of 
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mirtinntc of sfi\^a. But us comparatiye analyfl^B of this kind 
e attenfled with consideraMe cUfticiiltyj and as the roncnirent 
rcuai*taiiceH might po3sil>iy mvfllidate ihe ctirreclrieas of thia 
-ew, we will turn to other inTCfltigntiona connected with thia 
ibjecL Bernard, who, as wc have already Htnted, injected a 
>lution of grnpe-s^^r into the veins of dogs and rahhits, thought 
e could perceive that the hw^t not. only did not pass into the 
rine, but that the latter aecretion was even rendered alkaline. 
Vithout intrhidinji mv prc^'ious experiments, which kd to pre- 
isely opposite results, I have verj' reeeiitly injected grape-sngarj 
rejjared fn)m Blarch, into the jugular veins of 37 rabbits and 
tigs;* but in no single instance was the previously acid urine 
SndereJ alkaline ; and in no single case ^aa grape-augar abaeitt 
vm the urine. Quantitative deter mi nations showed that even 
^I ufa gramme of ^pe-sugar coidd he detected in the urine of a 
ahbit frt^i^hing CJ50 grammes. Tlie greater paTt uf this (Ul of 
gramme) of srapo-sugnr passed into the urines even when the 
ibhits bad ii:d hefgre and sifter its injection on cabbage-l^aves^ 
arrnta, graa.-!, and other substances rich in alkalies, and [he 
lluline uniii; of these tiniaials did not retain its alkaline charaeter, 
Hi>twiih!>tanding the abundance of alkalies contained in the foodj 
itt acquired, in opposition to Bernard'a asBcrtion^ an acid and 
ften a very intensely acid reaction. Finally, I convinced myself 
1 two cases tlial rabbits into whose veins very small quantities 
f Btorch-sugar had been injected (which might in otlier cases be 
etecb^d in the urine) did not void any su^ar, provided they had 
eeeived no *ucc*ulent food either ahorttv before or after the 
vperimentj and hence did not require to pass urine. A aiiniUir 
eauh was observed when urine was artificially dischari^ed by 
fcssurc on the rc^on of the bladder. It appears that su^ar can 
Illy be separated from the blood when there is an escess of 
rater in the latter, fur it is only by the prolonged continuance of 
tt^ar in the blood that it cun be thoroughly consumed; but the 
Sine here is not rendered alkaline, but strongly acid, as ia always 
he case vnth faatuig rahhits. The sugar, moreover, passes ao 
||>idly into the urine that it may frequently be delected five 
Viimttfs after Us injection (and that even when o^dy O'l of a 
ramme has been injected)^ This rapid separation of the sugar from 
|ie blcKid, and its decomposition in this duid, if from a dehciency 
f wattfr it he retained sufliciently lon^, seem to favour the 
lie^is that the cau^e of the api^arance of sugar ui the urine 
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» solely owing to tlie blood nut being milficiently rich in alkali to 
ftid ID the uxidation of the sugar. VMth a ticif of deterDiiuing 
thu point, I injecUid caustic alkalies or their carboQAtes, m | 
asBOCiAtion with gra;>e-«ugu', into tlie veins of rab1>its ; but even in | 
these esperiniems the wholly unexjtected result ensued that, not* 
withstamlin^ tli^ t&uslic alkalies or their carbDHHteH, the urine m)i 
only contained au^ar, but also exhibited atx acid rc&ction. Mure 
exacl wd often -repeated expeiiinehtB on rabbits atfarded the 
following c^plurxation of ibis remarkable phenomenon, WIipd 
1 equLTaienl of ^Jgar with 1, 2, or ^ ef^uivalents of cauUic 
pot4iah or its carbonate, was injected, or when the sugar and 
potash -com |>ound artibeJally prepared from alcohoUc solutions wa» 
injected iu such quantities thai U"l of a granime of sugar re-ached 
the hloodf tlie urine rem<tined alkaline for at least ten minutesa^eT 
tJie injection, becoming then decidedly acid, in which state it con- 
tinned for aX least tivc huurs, ercn when the animals had been fed 
in the interval upon ^rcen food. In the seventh hour the free acid 
diminished when food of this kind had been taken ; it oontitiuedj 
havever, althnugh in a less intent degree, when the animnls hnd 
been kept fasting. In all coses^ however^ sugar could be detected 
in the urine from the first bve minutes after the injection t<> tJ^^ 
eighth, and even often to the eighteenth hour. If in the^ c^ofll^l 
the alkali does not act in the manner one might be led to cvpect 
from the above hypothesis, the cause ia to be asenbci:! jjartly 
the circumatancc that the alkali in removed from the blood mi 
rajiidLv than the suf^r, and partly, and perhaps mainly, to the fact o1 
nn add being formed in the blood (as we see by the constant acid 
reaction of the urine after the jnjectit^n of sugar) by which the alkfl^f 
is saturated, and its action on the sugar thus interfered with. ^^ 
have unfortunately been unable, fcom the small amount of maicriol 
for investigation, to decide what is the acid which is thus pniducdl|^| 
but it certainly is neither phosphoric or hippuric acid. We at i^^ 
events lenm this much from theae eAperiuieuU, that no one 
perfectly correi^t chemical fact can enable na to foresee and cor- 
rectly prejudge the result uf chemical effects in the hvinj; body, 
and it would, therefore, be no less unsuitable to endeavour 
elucidate the mystery of life by rude ebemieut hypotheses, than iT 
would he seiiaeleas to banish chcnjistry from the sphere of vitfllil^^ 
merely on account of some Few nnfiuecesaful experiments. ll^| 
following experiments, which I have instituted in relation to thi« 
pointj will show the correctness of these views- On graduHlJ' 
injecting very dilute aolutiona of tartaric and citric acids uito 
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>b>m&cVis of rabbits and do^ (corcentr&ted solutions must 

nec€asftrily be avoided, lis they always induce a morbid t.'Oiidition 
in the aniraal?-), Cbe re.solt bo be ex petrted would nftturally be, that 
when the animals had been fed on oats only, or on some food equally 
poor in aJkalies, the normal alkalinity of the blood would be so 
much diminished that the sugar which had now been eonveyed 
to the blood froni the iiitestiii^ or the liver would not he perfectly 
oxidiaed^ and would therefore pass into the urine in an undccom'- 
poved state. This conjeeture has not, however, been veriiied by 
my expenments. The urine does not even exhibit any trace of 
ftiigar when atLemptK are made to remove the alkali from the blood 
by artificial nieana, Similar but variou&ly modified c^periinenta 
have tdio been uiadc by Uble,* with precisely similar results. It 
nouldf of course, be a.n utterly useless experiment to attempt to 
gain the same object by injecting acids into tlie blood- 

IrVe must not, however, form too high sn opinion of the ojtidis- 
ing force of the bloodj however important it may be to the entire 
flnidial eeoiLomy. Thus, for example, we meet with numeroua 
phenomena which indicate the co-exiatence of a deosidising pro- 
cess with the proci^sj!J of o:£idation ; of these we need only mstance 
the formation of substances so rich in sulphur as taurine and 
cystine, and of others so poor in oKygen as chole&tcrinj caatorin, ^c^ 
The most striking illusifntion of this fact is afforded by the well- 
known operimentj which has recently been caiiJirmed by one of 
cay pupils, Ranke,t that the animal organism acts upon indigo in 
the same reducing manner aa the hut or cold vat ; orduiary indi^ 
blue is converted jn the primie vite into sub-oxide of isatin, (re- 
duced indigo), and may^ when dissolved in an alkaline sotutioiij 
pass through the blood without being perfectly oxidised i hence 
it mav rc-r^^pcar in an unDJ^idiscd state in the urine. If we observe 
the urine that is discharged after the administration of a few 
grfunmes of indigo, we perceive that the fluid assumes a light blue 
colour, which liecomes gradually more intense if it is shaken for a 
Ume in the air, until a blue sediment of pure indigo blue is (inally 
Formed* This reduction does not originate in the urine itself, since 
tiie alkaline fermentation must be set up in the duid before it can 
disscilve indigo. This uriue, however, haj* ahvajh an acid reaction. 
If we had not the most evident proof before us that free oxygen was 
contained in the blood, an unphysiological chemist might consider 
himself justified in [Concluding from these facts, that oxygen can- 

* V'vs. luaug. fuod. UpB. )SR^f p, IU> 
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labor&loiT (^J K- BiTf^hheim, nov of Dcrpat, amung otlitrr?) witli 
the Tiev of deteroiining the quantities of alk&lme caHioitate^. tar- 
tnlea, cilr&tes, &c., which are necessarjr to destroy the free acid 
of the unne, and further to aaceTtain the qunntitiea of freo tartaric 
or dtric acid vhich must he taken at otxe time to nllow of a portion 
appearing anchariged in tlie urine; hut nntwitliMnnding errry 
attentiot) to the qoalitir and quantity of the food taken durin? 
tqual intcrvab of time, the bodily e?Ecrdse, and other physiological 
relations^ thc^e nhseTT«tions have failed in leading us to any sharply 
defined numeneal iraulta. In expenments of tliis nature, a num* 
ber of conditions exert an influeoce, the dcterminatioTi of vrhich ii 
in part bevond the power or the calculation of the eE|>erimentalut. 
If we could succeed in determining these intricate relations, we 
should, at all events, hare a cheek upon our calculalionH regarding 
the mccliauical metamorphosis of matter in the animal hody. in H 
far as the one scries of esperimcnta shows the smount of the free 
acid which is excreted by the kidneys from Ihe body within definite 
periods of time, whilst the other series might enable its to deter* 
nine, st lea_st approximately* the quantity of alkali In the hlowl, 
and ci>nsequeiU]y also the amount of blood in the animal body. 
Altbout;h these espenmenls have not hitherto advanced the 
science of physiology, they promise to yield more certain results lo 
therapeutics. As far as we are aware, the relations subsisting between 
acids and alkalies or tlie salts nf the vt^etable acids, and the re- 
Qctions and constitution of the unnc and the sweat, have not yet 
been considered from a physioItM^od point of view. Fhyaiolo^v has 
not hitherto been aufficiently applied to medicine, whilst the phar- 
macologist is ever striving to explain the presumed action of the 
most irrational ag;ent3 by apparently rational means, and to defend 
their respective applications. 

With the view of forming some estimate of the oxidising 
capacity of the animal organism, 1 formerlv turned my at1entio^_ 
to the stLidy of the metamorphoses which salicin undergoes in idj 
passage through the boHy ; and 1 formerly inferred from the re^ 
action which the urine exhibits towards the persalta of iron after^ 
the use of salicln, as well as from other experiments, t)mt thafl 
organism can only so far oxidise saligeiiin as to lead to the fonna- 
tion of aaUcylous scid. Stiidtelcr was led to conclude from his 
experiments on the voUtild acids of the urine of the herbivora, thalfl 
phenylic acid passed into the urine, and that the blue colour 
impartJ^ to the alcoholic and ethereal extracts of urine* induced by 
the sdta of iron after the use of salicln, depends upon phenyli 
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cid. Rank**,* wbo commenre*! under mv direction n more mimile 
KAmination of ihh subject, lias now obtained the UEidoulited result, 
that salicylic acid is formed in addition to :*iilicyloua ncicl ; he nlfto 
total ned considerable quitntjtie 3 ofphcnylic acid by the distillation 
tlie alcoholii! e??tract of such urine \rith water. 1 have, howpTer^ 
convincTtxl inyselFthat t)iis neid is contained preformed in this 
; It may Tcry readily occur here as n product of distilLation. 
enyUc acid exerts an eatremely poisonous action, bo that Bonie 
mptoni? of indis|io*:ition oiii^ht to manifest themselves after the 
of salicin, if this and were formed from salicin ; sueb, however, 
tiot the case. Aa it ml^ht be conjectured that plieiiylic acid was 
ted from the kidneya immediately on ita formation, I injected 
e alcohohc extract of this urine into the jugular vein of a rablait, 
I the animal exhibited no morbid symptoms whatex'cr, 
I may here observe in refereiK-e to the decampnsilion of salicin 
the animal organiam, that tliis substance, which, like amygdalin, 
decomposed by synaptaae, does not behave in the blood ia the 
me manner as amygdalin, which on being injected into the blood 
not decomposed, and lience does not produce poisoning by 
russic acid; although when salicin ia injected, a portion only 
passes in an unaltered state into the urine, whilst the larger quan- 
tity is decomposed in the blood ; for after the injec^tion of salicin 
into the veins, the urine is affected in the same manner as after ita 
tntruduction by the mouth, 8u^ar, which, as a well kitown, ia 
punned in the decomposition of the sabcin by synaptase, cannot be 
recognised in the urine, even when as much as 0*li-l3 of a gr^imme 
&f salicin has been injected into the blood. Ranke also found 

Cligenin in addition to those acids in tlie urine, but no snliretin^ 
The previous observations leave no doubt aato the function of 
c aikaiint cariionalvs in the blood, and we hare already treated 
arcumstantially of carbonate of soda in the first volume of the 
present work (see pp. 4.16-4-10); we will, therefore, only observe, 
tliat these salts are able to maintain their function as aj;enla in the 
process of combustion for an infinitely long period ; that is to say, 
tn infinite quantity of orgnnic acids and carbo-hydrates may l>e 
reduced by one and the same quantity of these salts into earbonic 
icid and water; for scarcely is an alkaline carbonate decomposed 
Pf a substance of this kind, and deprived uf ita carbonic acid, 
bebre it is reconverted into a carbonate by the combustion of the 
brganic substance ; hence we are able to explain how the propor- 
tonally small quantity of alkaUnc carbonates which are present in 
[ • Op. cit. 
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the blood of the carnivon, and which are only very ftUghtiy increaaed 
or replaced by the food of iuch animals, should be anffident to 
adapt the materiala of respiration fur oxidation. We shall revert 
to the allcaline carbonates and phosphates when we enter upon tJic 
more apet^ial consideration of the proceasea of nutrition and 
secretion. 

In treating generally of the distribution of chloride of todmm 
in the animal organism (vol. i»pp- 430-456), we drew attention to 
the well-established fact that the quantity of thia salt varies very 
slightly in most of the animal juices, especially in the blood, and 
is restricted within tolerably narrow limits for each class of 
animsU, being wholly independent of the nature of the food and 
of the quantity of this substance taken up with the food (see toU i, 
p. 431, and vol- ii, p. 189) ; we have also found that the quantity 
of salt in the excretions, and more especially in the urine, corre- 
sponds very closely with the quantity in the food, whilst direct 
exjjeriments have shown that this salt when it is injected into the 
bloodj is rapidly excreted through the salivary glands, the mucous 
membranes, and the kidneys. We think that these well-established 
facts give great probability to the idea that thia substance is 
necessary for the animal vital process. Even if we attach little 
weight to the instinct which leads certain domesticated animab 
eagerly to lick up the salt placed before them, and induces the 
natives of certain districts where salt is scarce to barter slaves and 
gold-dust for this substance, yet certain experiments on the 
quantity of salt contained in the bloody together with Boussingault^s 
investigations,* sufEcientty show that the use of salt with the 
ordinary food is an indispensable requisite towards the healthy 
condition of domesticated animals. Boussingault instituted experi- 
ments on two lota of oxen (each consisting of three), one of which be 
fed for a month on food with which salt had been mixedj and the 
otlier on fodder containing no salt, and found by accurate weighing 
that tlie salt produced no effect upon the formation of the ^esh and 
fat, or on the quantity of milk, but that towards the close of the 
period of observation the external appearance and activity of the 
animals which were being fed upon food to which salt had been added 
were very superior to that of the animals which were fed without 
salt, for the latter presented a less smooth and shining coat, while 
their hair was matted and in part felloffj their gait was also heavy, 
and ihey e:?hibited a cold temperament. The utility of common 

• Ann. dflCliim. et duPbye. SmeS^r.T. 19, pp. 117-I2&I «t T> 32, p. lIGi 
or Campt rend. T. 2fi, p. 7S9. 
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luU to tlic Miinml oTg^niarri caitnot tJierefore be quf^^tioned, and 
ts imporUnce is further aho\ni by the fact, that durhi-^ fasting* or 
wrhen tliere is a deficient supplv of nutrimeiitj in di<ieases, as 
pneumonia, Ac, the seiraraliori of «omnTun sdt by the urine soon 
ceases, whiUt in those cases in which the htood is deficient in this 
ouhatnnce, all the chloride of sodium entering the organism from 
withijut is retained until the normal amount is restored, 

We have now, however, tcj cqnsider the more difficult question 
«f the manner in which chloride of sodium rontnbutcs townrda 
the mctamoq^hosia of arumal matter- We have ondeiivoured to 
refer the importFince of this aalt to the peculmr relntion* which it 
exhiiuts towards the alhumlnouH matters of the blood and of the 
animal bcnlv generally ; and it seemed to \ii that iba special use 
coay he to dissolve the pure albumen (or serum-casein of Panum),* 
together with the albuminate of soda, and thus render it amenable 
to chemical a;;eMciCT- Liebig has, however, drawn attenlian to 
ry important fact connected with this subject* Gluten is 
ived us readily as muaele-fibrin in water eoiitaining hydro- 
chloric acid (see page 34], and is precipitated from tlhis 
solutidU not only by more liydrochlorin acid, but also by the 
addition of a solution of chloride of sodium of less strength even 
than '1;'. From these and similar experiments wc may Eisaumc 
that the amount of common salt in animal fluids exerts a certain 
inflnence on the separation as well as the solution (if albuminous 
ftnbstamces. althou2;h wc are nnnhlc to demonstrate the individual 
details with anv great cKactneas, 

The mode of aoiicn of chloride of sodium in the metamorphoaifl 
of animal matter wa» the more difficult to determine, as it was 
known to the chemists as an extremely indifferent substance, with 
rery little tendency to form further chemical eomhinations, urea 
arul grape-angar being nImoU the only substances with which it 
eondiines cheinlenlly. Tliesc two facta sufficed, however, to lead 
I^ebig tn a very ingenious view regarding the function of this 
substance in tlie metamorphosis of matter. It is very probable 
that thv union of urea with chloride of sodium may he fnr more 
intimate llian its reaJy decomposition by re-eryslallization in 
water would lead one to conjecture- Thus, for instance, urea is 
only iijiperferlly separated by nitric acid from a moderately con- 
centrated aqueous solutiorj if chloride of sodium he present; 
urea_. [moreover, uccum associated with chloride of sodium^ even m 
positions where its presence would rot he suspected, as for 

* Arub. t pjithuL AaOL Bd, 3, 8. 2Sl. 
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inaloDcc, in tho CTTsUUinc lens of tlie eye, as wns ohserreil lijj 
Wiihlerf ond in the sweet, according to the investigations 
Srliiillin and Favtv. Lifhi^iN ton ject u res may therefore hi- prr* 
lertly turrect, llint tlie ubsi^nce of urea as well ns of cuiniiKjn ^i 
in the muacular juiee, and the passc^ie of urea into the circuhtioTi* 
and ix» excretioi) by the kidneys, hwG a close rel&ticn with tlie 
presence of chloride of sodium in the lilood, 

Lieh'tg observes, in rcUtiou to tlie cirmbination of grape-sug&r 
Y'ith chloride of sodium, thnt we are instinctively led to itdd suit 
to nmjlaceoua food (which during digestion yields much sugar) in 
far larger proportion than to other food. The saliva and the 
pmicreutLC juice, which mure eapecinllj conduce towards the coa- 
Ycraioii of ataFch into grape- aagar, contain a prepoiiderati 
quantity of chloride of sodium in their solid con9tituent>;. 

Diahi^tie urine ulway:^ coiitQins^in aildition to free grape-su^ 
the cotnpuund of this augar with coraraon salt, and it frequetitl] 
happens llat this la the only compound which aeparatea in cryal 
from diabetic urine> It ia not, therefore, an irrelevant question »' 
inquire, on the one hand, into the relation of the chloride of indium 
to grape-ftugar in the digestion of amylaceous auhatancesr and> o|b« 
the other, into its separation through the kiJneya in diabetes. ^ 

81it:ht)y bnsed as the assumptions mny be, which can l>e 
deduced from ihe chemical nflinities of chloride of wxlinni in 
reference U} the purposes which this aubslancc accomplishes in the 
animiil nrgamsm, there are some facts which can only be explained 
by n decomposition of this salt in the animal body, and which may^ 
therert)re throw additional light cm its utility in the »ntm( 
economy. The most striking of these fails is the oecurreuce 
free hydrijchlunc acid in the gastric juice ; at ail eveiLte, it appear 
from the ino^t recent investigations of C, Schmidt tliat free hydi 
chloric acid nmy be present in this secretion, without lactic acid 
or lactates. It certainly remains a mystery for the jireseiil how 
lliia decomposition of the cliloridc of sodium is effected, AnotbcT 
leas obvious, but not the less ri'marl^able fact is, that even in th«^H 
hlood of herbivorous nitimals, which uke up almost solely potashj^ 
Skits in their fcod, there are in every 4 patU of alkalii^e t^rbonaie 
lit tie blood-aerum at least Z parts of cnrboiLate of soda, auii only 
1 part of carbonate of potash, whilst in the muscular juice of 
carnivorous fts well a^i thai of herbrvoroos anim?ils chloride 
of potassium is almost solely fimnd. This fact, wliich was dis- 
covered anri mainly established by Licbig, shuws, on the one hand, 
that the chloride of sodium in the blood must necessarily undei^i 
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tn inltrchange of cimstiiueiits with the onrboiiMe anc! phosphate 
of |H>taRli, arid, on the other liani, tliHl nature han aksign^^l very 
different parts in the aninia! organiam to tlie alkalies, which are 
otherwise so similar when considered from a cheii^ical point oF 
TMW. Similar conclusions may he deduced from the experimenta 
made at Giessen on different terre^tml animaU, whidi »ihowed 
that the bile, notwithstanding a food rich in potaah, contains a 
lar^e «imount of coda, ^'liich ia combined with the biliaty acids. 
T\\e great persistence of this distribution of these two alkalies in the 
various animal juices precludes the idea that we have here to deal 
with A phenomenon which is merely incidenial. As we hare already 
observed, it still remains for us tv diucuvcr tha properties to 
which the soda owes it» place in Ihe bUiod-aerum and in the bile*, 
and to exjilain the purposes whieh are effected by the arcumu- 
Lutiofi of potash io the juice of tlie muscular and of all tlic con- 
tractile tissues, as \^ell a» in tlic blood-cellA, the plastic exudaUona, 
the yolt, &c. 

'riic constant presence Jii the blood of a tolerably uuiform 
amount of chloride of sodium has led Liebig to tlie ingenious idea 
that this very constancy exerts an cssentiul intiuencc on the 
absorbing power of the hluod. TJii» usacrtion of Liebig's ihat 
the constant amount of chloride of sodium present in the blood is 
an essential agent in the organic pruccss of absorption, must be 
universally admitted ss correct by all who have witnessed even a 
single endostnotic experiment, and who are moreover well aware 
tliat the substances hhidi are actually dissolved in ihc intestinal 
canal generally present a far less dense fluid than the blood, and 
that tlic kidneys poascss a property, which has t»ot j-et been ex- 
plained, of iinn^ediately carrying uff any excess of water that has 
entered tlie blood. If we further add the ]»eculiar relation of 
acids and alkalies first noticed by Jolly and Graliam in fliffui^ion 
and endonmosis [sec p. 218]^ wc shall be disposed, with Liebig, to 
admit that in the animal body are united all the conditiona for 
rendering ibe circulating sysLeni, by means of the hlood, a most 
perfect suction-pump, which performs iin duties witliout stt^p'cocks 
or valves^ withcut mechanical pressure, nay, without regular canals 
or paseages for the transmission of the £uids. 

In conclusioHj we must again refer to the remarks which have 
been previously made (vol. i, p,434, and vol. hi, p^ 13(1) in reference 
to the influence of chloride of aodtum upuu the development of 
cclU in secretions and expiations, Aninngsl ihe latter we found 
that the most plastic were those which contained soluble phos- 
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^haUm and poOsh-ults, together vritli tn^xlmttjp qiuiilities 
cliUrride of ftodiiiia^ irbilat those cJHidations wliich cxhibitrd i 
tendency to the form&tion of puscofpusclcfl and cancer-rtUi 
alwnya conlAJned very large quantities of chloride of sodium in 
addition to these salts. It was first obsened bj HclW," and 
aub«#qTifTilljr !>>■ RedtenbacherH+ that in pneumonia, a disease in 
wliith Hic eiudfttion is ^ncmlly tianaformed into cyloid cor- 
jniflcles (grey hepatization), chloride of sodium ii eonatan 
rctnined in the Ijodv, and can scarcely, iherrfurt', Se detected 
the urine. We find, moreiiver, in rnucos fa fiuid which consi 
almost entirely of a humid mass of cells) the animal juice, which 
contains a far larger quantity' of chloride of sodium than any other 
ariimal fluid, whilst even in the cellular tissues as well as in the 
permanent cartihiges and the still-unossified bones^ we meet with 
the largest constant amount of chloride of sodium. AVe aJso leani 
from FrerichsJ that the synovial fluid, which is ao rich in cells and 
epithelimoj contains a large amount of chloride of soJium in 
aoiutioo I and Schottizk^s recent e^tperin^ents on the constitution o 
the sweat have unquestionobly shown its richness in this sn 
When wo consider that the scales of the epithelium of the mucju 
memhnmes as wej] as of tlie epiderroia are moistened by a lluid 
which is more richly charged than any other with chloride of 
sodium, and when wo observe that the jfrcotcst amount of this salt 
is found in the structures which are richest in cells, we shall 
scarcely be falling into error if we seek to establish u very intimate 
relation between the presence of this sdt and the formation 9^h 
eellfl. Now the horny tissues and the hair, which consist to ^H 
preat extent, or almost wholly, of cells, contain no very large amount 
of ciJiEtrnori salt ; but this fsct dees not prove diut tlie presence 
of this Huljatance is immaterial to their formation ; for the cells of 
the hnir and other horny ti*<siies are either atrophied or destroyed, 
whiUt those of the eartilnginous tissues are btill fresh, and hence 
Hcrvc tit convey chloride of HUcHum. If the presence of this salt I^H 
reccHBnry for the dcrelopment of the homy tisaoes, and espcciall^^ 
of the liair, we have a simple esplanation of the fact oh&ervcU by 
Bouj^sioirauli in his eKperimenls, that the growth of the hair was 
injuriously adected in those cattle which were fed without on 
admixture of salt in their fodder. 

In respect to the other tnineral constituents which occur j 

• Aroli. f, riiiim u. MLkronk. Bd, I, 9. 514. 
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the ani[U[J l>ody, we need only refer to wiiiit lioa been stated in 
reference to tLis sabjeet in the tiret volumCj since they take a leb» 
tiLipuntint part in ti»e mure general functions of life. 

Now Uiat we are apjiruacrhiikg towards tlie ternkinatioii of the 
general con&ideraUuna ot the airfttigenient of the moat lEaportunt 
chemical substrata obEervable in the metamcrphosifl of matttr, tve 
are forcibly ren)inded of die ancient raying of Aristippua, that the 
iiru»t probable la ofti:n uiilrue, and the uia^t irnprobithle true, If 
we arc correct in forniiug a low cstiinate of the amount of o^irpoaithe 
Vnowhid^e, we ought to exercise extreme caution id the selection 
of the pri/tcipltfa by which we regulate our judgment regnrding 
the positive rcEtulta uf our ob&ervJLtiuns and experinieiita. In our 
application of chemiatry to physiology, we must he especially 
tnindful of the fact Chut must of the fundamcntiLl pro[>ositiona 
which at llie present time have attained to a general recognition 
in olicmJKtryj by no itie^ns pusses^ ^uch a dei^ree of scieiitilie, or 
rather of logiciv!, ciactneas aa to place thein beyond all diaputc. 
We must not forget that cliemistrvj Lke medicine and theology, 
although perhaps in a more limited degree, possesses a dogm^iCisni 
of its own. Huw many of the modes of consideratluiL which are 
now ralid in scientific clicmUtryf are the mere provisional modca 
of expressions for certain groups of phenomena, whose analogy ia 
obvious, but whose inlernal connection and relations of causality 
are alike incoinpfchensibk and unknown 1 A chemist of tiie old 
school would be indignant if any one were to hint at the faintest 
doubt of the correctness of the hypothesis that chcmiortl com- 
Innations can onhj be effected in accordance with definite 
numerical proportions, or should venture to assert that gradual 
metamorphoses, wliich arc alike independent of mathematical laws, 
and perfectly foreign to ihc ordinary chemical afiinitiesj might 
run their course in the highest spheres of vitality. Yet every 
chemist who regards chemistry and physics as inadequate for the 
science of life, and on that accuunt deems it necessary to call vital 
forces to his atd, muat of necessity admit the cogency of these 
donbts; for experiments have oUUe failed to show that albuminoOH 
and liislogenetic substances generally are constituted in accordance 
with perfectly definite numerical relations, or that any supervising 
ageat has been appointed to control tiae econumy of the living 
organism. 

We need not, however, encroach u\tou the spliere of vitality to 
ehow the uncerUiiiily and purely dogmatic naturc'of many of the 
more general principles of chcmifitrj-. Many principles which 
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hnve Ueen esUhlished. and are highly useful in inrestigatiou, it*^1 
iilterlj devnifl ot any tltoreticral busis; for many nieihoda li»Tr 
been aanrU^ntcd Uy chemical use vliich would not stand the teat 
of n logical inquiry- Thuft, for inetance, no ortc hesitatea to 
employ predisposing nffinity as n means of explanation, althougli 
this \ti mithing more thnn the personificHtion of an obscure idefia^^ 
Duca not affiikity in th^ tnaas contradict ih^ fundamental idea of^" 
chemica! affinity 3 We do rot spenk of the theory of the organic 
rndicalS] for the eonslant alterations and the unlnlerrupted 
modificalions to vhifli this theory 1ms Ijeen suhjected, snflicienttyi 
alteat the slight degree of f^tability which it poasesses, And h 
ncil the moat prohfic of all new theories, by which chemical scie 
has bi:^en enriched to such an extraordinary extent with the mos 
important fiicts— the theory of die cunjiigaled compounds, not 
ffithattmding the noble experiments and the brilliant discoveries 
to which it has led — Uccn in turn Biihjevted to every form of 
ruodification ? 

We must therefore never forget, in applying our chemical 
idea^ to the elucidation of vital pheTiomena, that the basis un 
which thoy are reared is far less firmly established thaii the 
ftindamental propositions of |>hy»ics. We find that even in 
physics new chservarions and discoveries are daily being made^M 
which long cnntiouc to cscite our wonder before we are able Ut 
reduce them to known physical principles. How many futile 
attempts have been made to explain Leidenfroat^s eKperimentfil 
And are there not many even at the present day who regard \sitl* 
wonder the experimcnta of Boutigiiy ? Is the doctrine of 
molecular attractions so well developed in physics as to preclude 
the possibility of being further called in qucstJon ? It is only in 
the present day Uiat we have had a direct proof of the motion of 
the earth afforded us by FimcnuU- Vet how far is chemistry 
behind physics in its fundamental principles I In endcavouringt 
thereforcj to decide questions of physiology in chemical modes of 
espresslon, we cannot exercise too great caution in our deductions {^ 
for we know but too well that in most cases we are ordy sup-B 
porting one hypothesis by means of Brother, and that truth in 
chemistry is very often litlle moTe than an idea embodied in ^ 
systematic form. 

When, mindful of our fallibility, we once more review thg 
character of the substinccs whiclj nature employs to produce the 
most varied effects in the bving organism, and to realise the most 
multifarious purfjoses, we are struck here, as everywhere, by the 
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vonderfiil simplicity- of the menna or the forces by which the world 
of external phenomena is maintained in a state of IncompralkcnsiMe 
sltematioa. There are unly three groups of organic sulistancen 
through which all the vit&l phenomena are manifested, and tvcn 
these groups exhibit tlic maat important intiTnal co-rulationa, 
May we rot conjecture, although we are atiU unable to prove tlie 
fact, that meruliers of the ^miipof fats may he formed, like those 
of the group of carbo-hydrates, from histogcnctic bodies ? And do 
tiot the members of the irtdtv-iduat groupo present such uniforiiiity 
and analogy in their composition, aad even in their pro^ertiea, 
that the diversity of the prdceHses tu which they give Hab i>( per- 
fectly incomprehensible ? We are thus obliged to have recourse to 
iaonjcrism cud polymorphism as a prop to our ignorance, and an 
the means of affording ub at least some clue to the manner in 
whieh proteiti-l todies, ivhii-h appear almost identical, cJin he 
exhibited under such uimtt^roub modi^catiuns of fonn, :itid can so 
vari^lusly influence the raechflnism of the living orgaiaam- There 
nre almc^st inappreciably small differences in the compi.»sitiun nnd 
finalities of the subata: ces which, as far as we knew, are most 
lio'»oTut;i^u<4 with ethereal binlies, viz,, the fatty subsUincea; yet 
the different fats do nut produce the aumc or even analogous effecla 
in the animal body. The cjirbo hydrates, whieh to a supcdicial 
observer might seem to be destined solely to undergo disiniegriilion 
io the animal budy, exhibit tlie moat various metai nor piloses and 
aubdivisJons before tliey are fitted to perform their part bcneficiaUy 
in the apparent intricacy if( tha vital phenomena. Potash and 
soda^ for in?itaiiee, are substances whicli the chemist duels it 
extrenit^ly difHcult 1o keep asunder in his aystems, and which 
freijucntly appear to replace one another in tlie muicnJ kingdom ; 
yet theyarc employed in life to maintain the moat strikingly up- 
posiie cuTuhtioiLS ; whilst earhonit; aeiJ, the weakest and most 
volatile of alt acldsj is oC[:iLsionii.ily made to |)erfiinn the &ame 
service in the organism aa the powerful and soUd phcjsphoric 
Acid. 

It ml^ht here he asked whether nature has not c-inployed 
forces peculifU" lu itself in regulating, with the»e few means, the 
internal economy of animal life, while vc arc admiring the inalg" 
nificant eupcndilurc of force which jb required to convert these 
eh;mgeahlc bodies from one form to another. Wlien we see how 
readily the hirgifst quanLitie:^ of atarLib or cane-au^ar tre converted 
UiUi gra|H>augar by iillml■^t Luapptcciable quantiti^Si i>£ diaslase or 
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of ftcicUt^wlien we rurther lienr ii; mind vrhat alight mcnns suiTicc 
to convert oxide of ethyl inlo tnctliyloxalic acid, or oxide of 
amyl into valyloxalic and, — and wbcn^ finaUy, wo consider tlta^A 
various modi li cations nhirh the protein-bodies experiertcc uiuk-vm 
the ACtioD of the ordinary atmospheric inSuencca, causing thiria 
even in some c&sef» (na ne Gee in putrefying cheeae) to he partially 
regenerated, — we can scarcely conceive that any special expenditure 
uf Torce is necessAry to move these nLaTi>e-^ in the manner indL'ated. 
Although we must nrjt suppose that iaumerism and pol jmorphiam, 
or even the laws of ordinary chemical affinityg arc able to afford & 
true explanation of these metamorphoBes and mod iti cations of 
Icttowii rnaterials, it citnnot be doubted that the same forces arc 
employed within the sphere of life gs those which act in the 
cxtcmjil world^ nnd that u very &Ught increase of inlciisity ia don^ 
neceaJiflTT to produce the elfects which we perceive in life- If, 
however, tlie organism requires so alight a development of force tu 
cfTect these changes in matter, we shall hardly deem it neccA&ary 
to assume ihc existence of a special force of great intensity atid 
appUca1>ility tu effect the ever- marvellous movements of or^iie 
matter; but are rallier led to the belief that the same simplicity 
which nature cxhihits in the use of material mean&, is unfolded ou 
a grander scale in Uie application of her furcea. 



Digestion^ 

As in the second volume of this work, we have treated of 
different juices which take part in the digestive proccssj and have 
attempted to determine the functions which nature has assigned 
to each of tliem, it might apiJear julvlsaWcj before reviewing this 
process as a whole and in a general point of view, to examine morv 
closely the objects of digestion, that is to aay, the nutrient m&ttcra 
themaelves in their relation to this process ; but us we have there 
assLimed that the reader possessed a general knowledge of the sub- 
ject of nutriment, it will here he our heat course to diacuss the prt>^_ 
cess itself, before entering upon the digestihihty of individual art^H 
des of food, and the action of the varions digestive agents upon 
them. 

From the eurlicitt periinl at which it was attempted to fipjil 
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chemistry to physiologj', and to afford a scientific explanrntion of the 
aininiEl prnresseSf h has been l)eliei-etl tbait the digestive j>ri>cesH, 
Mwner than any other, would be more or lew elucidated by Ihcac 
lueansH Every one recoliects that the iutro-cheinicaJ school based 
IL great partof iheir philosophy on the foci* which they believed that 
they knew regarding the digestive process. Since then scarcely any 
department of the physiology of vegetelive life baa heco made the 
subject of »ucli brillinnt scientific labours as the digestive process* 
It is needless lo name the gre^it work of Tiedemann and Gmelin, 
lor even to the prcseiit day we constantly find ir this rich treasury 
wf cdmiraMc obaervaliona, fresh motWes to new experiments and 
to new views; witness the numerous meritoriouB investigations 
which have heen pursued in the Gtessen laboratory, on tlie chem- 
istry iif the juices, and of the materials on which tliey act* The 
harbaroiis experimental physiology of the French created ncrt' wavs 
and means, m order to penetrate into the obj*cwre mystery of tlie 
digestive proc^css. The very names of Blondlot and Ch Bernard 
are iudelihly asBodaied with the Ideas of v^ell'direcled vivisectiDns, 
|>erFornied \\ith e:itraordinary dexterity. Science had scarcely had 
lime to rejoice over the Ddmiriihle monograph of Frcrichs (written 
under the superintendence of Wagner) when reports re^hcd us uf 
wonderful discoveries emanating from the Dorpat leboratorVj and 
t.lirowing an unexpected light on many pointa connected with tlie 
ilij^estivc proccsa- 

But if, in Bach a department as this, tvhere we seem to be deal^ 
ing witii the most direct actions of chemiciJ forces, we are obliged 
to aibiiit that tho re?iults u-hich ti>day we appear to have obtained 
by tlic most direct experiment and the moat positive obsorvationj 
arc lo-raorrow rendered doubtful by other experiments and other 
observatioris, we shnuldj at all events, learn to exercise cautiorj in 
expressing our opinion even on apparently tlie most exact obseri^n- 
tions. Did it not appear to he an established fact th&t lactic acid 
is always present in the j^astric juice ? — and yet, in many cascfl, 
C, Schmidt has demonstrated its abiience and the presence of free 
hydrochloric acid ; and even at ihe present time does not Blondlot 
■^ retain bis earlier view regarding the presence of acid phos- 
phate of lime in this duid ? Who could expect that after Bernard's 
moat recent experimenls on the influence of tlie pneuninfrastric 
nerves on gastric digestion, their influence wnuld be disproved, or, 
at nil events, rendered questionable by the most positive experi- 
mcnts? When fat la broughtin contact with ihc puncrcatic juice, 
French observers recognise itjs immediate disintegration into fatty 
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Doids and glvirerinei while GeTmans can scftrcely perceive t^at l^H 
two BuliTitairces form even iiit emulslun- To »pe;tk ciiiulrLlly, llfl 
arc unable to 6nd any motive for tJie actiun of the hWcy or for ila 
efl^ision into the intestine, from the many conHicting opinions <3i^m 
the suhjectr all of whicli, however, haue been deduced from ohM^f 
vfitiuns ■ Btidda ive even to tliifi day know wlist nt-taally Ik^conips 
of the resinous biLmry acids in thu intestine r Wlio could liave 
&nlicipnted from our prc^oiis knowledge, that an i^ated loop of 
intestine, with its shphtly ail^ahne contents, would he able to digest 
flesh? nrd fimEllv, what rich although us vet irifxplifjible rcKults 
may we not hope to obtain from Ludwig's coiicinued crxperiioenta 
regiuding the influont-e of iRa nerves on the aecrefion of the digCH- 
live juices I In siiort, the intestinni carml iihvnys presents itself 
to us as the scene of a number of highly mysterinua proeessea, Und 
our ideas still rau^ unsfitiaiietJ around the as yet unopened poitala 
oJ thia nimoat impcncLcaiile subject. Hence, if we ace even the 
frost acute invcKtigiitors rapidly paisuig from one view to unotherj 
we must recollect ihwt vhut we regard ns true is in this case alwnvs 
depcTfdeut on the- stage of development whicli Hcieiititic InqLiry h^iN 
attnined at the time. 

In the dij^estLve process, as in many other phenomeua 
living body, it might seem posiiible to anticipate the laws 
ing to which the^e procc^sea^ wlileh are still obscure to ua, run the? 
course ; but we arc as littte able to draw any concluaionci regarding 
the caut'al connexion of the phenomena as reu;arding the pnmory 
object of each perceptible action. Hence we must rest satisfied ^ 
aci^oidin^ to the [iiaiiner of our foiefathers, with a mere ropresenlji- 
tion, when wc arc unable to apprehend the internal connexion of 
(lifferent phenomena. Thus we have such a rcprof^entation when, 
for instance, we compare the digestive canal with its miruiest 
aT)HorheTits to the roots of a plant, and then show thai the animal 
carries about and contains within itself the routs or radicles by 
whicli it abfjorbs its proper nouriahnient, while the plant is firmly 
roofed in the soil from which it draws its nutriment. The more 
striking and appai^iitly applicable such a pietUTc may at lirst sight 
appear, the more glaringly obvious become the JifFcrcncea on cloi^f 
iiivcstiKution, end hence wc may perhaps be permitted to devote ^^ 
few momenta to the consideration of the above comparinon. If, in 
the first place, we take into consideration the rndicles, which ^H 
the higher animals pass into the ii»teriial surface of the intestin^P 
wc come upon the capillftrics, which envelope tlic whole canal with 
Uie most delicate network, and then upon organs which in th^H 
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finest ramifica^onB terminate htindiv in minute prcijectiona of the 
inner surface of ihe intestine, Biid seem to be sjieciaily designed 
Ivr the purpose of absDrptiun : beaides these innumerable media 
for obsorbinij the solubJe aubatances from the cliyine» we liltewise 
find in the intestinal tube certain glatidularor capsular organs, 
whieh Recording to recent views are regarded as being connected 
with alifiar|>lioii rather tlmn with secretion* 

At the first glnncc it might appear inappropriate to begin our 
eonsideratioTi of the di|^estive process with its actual termit^ation, 
that is to sny, with absorption ; but independently of the fact that 
we have already, in the second volume, entered somewbat fully 
upon many aubjecta having reference to digestion, in our remarks 
upon the digestive jaiceSy we are the more resolved to commence 
here with the final reauli, irasioueh as we can thus better take 
a general review ijf the whole prijcess. If by ihe term digestion 
we understand that process by virtue of which nutriment ia trans- 
mitted, in accordance vilh rhcmical nwd physical laws, into the 
ciiculating system for the renovation of those portions of the 
organs which have hiecome effete, — and if we further establish ihe 
fact, that by digestion the food is reduced to a soluble stale, or 
generally npeoking. to fluch a condition that it is capable of being 
absorbed into the mass of thejuices of the animal body, — we take 
the most natural slarling-point, nut merelji for forming an opinion 
regarding the proximate object of digestion, but likewise for attain- 
ing a deeper insight into the different actions and reactions between 
the food and the digestive juices. For if we only establish the 
propu^ition, that the intestinul absorbents possess no specific in- 
dwelling property totally different from other physical forces, and 
that they no more enjoy a distinct elective power than the rodiclcs 
of plants, it obviously fallows that in the various amingenients 
whieh occur in the intestinal carnl in conrtexion with the process 
of absorption, the djfTercuce in the agerrts of absorption must cor- 
respond with the different physical and chemical chnraclers of the 
Aubj^tance to be nh^norbed ; and this lead?^ us to the idea, that food 
(whose nutrient power, mnrenver, lias nothing to do with ihe <|ue*- 
Uon of digestion] stands in as close a relation to tlie organs of 
absorption as to the solvent and digestive juices. The group of 
molecules entering into the composition of a substance, whether wo 
Cfonsider the point chemically or physically, must reguhite its 
general Eichaviuur ir relation to the agents concerned in digestion 
as well as in absorption ; and hence the agents concerned in digea- 
tion, that U to say, the juices effused into the intestinal canal and 
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the oi^ana of i;1>aor|>tion, nnint iwccs^nrWy stniKt.in m frtr cIospt 
relfttion to one fliiolh*?r Tliiin hns geiicrftliy hc*>ii supposed to be eIh; 
cuKe. If J fitr instance, we attempt to clas^iify the urticlt^s of fimi) 
according to the manner lu which they are absorl>cd hi the nite*- 
tinal canal, such an nrrangcmcnt raust coincide pretty closely *'JtJl 
the changes ^ hich the dlfTcrentbrtieles of diet tmilergo through the 
diS^igrent dTgestive doiils, Henm k wtiuld lie hy no means sji 
iiTBtional prouectlingi if we divided the dificrent articles of food» 
(irsti into fluch a^ arc introduced in a atuic of solutiun into the 
intealinal eanalj and consequently are at once diffused and diilri- 
buted generally tlirdtigh the anini&I juiees; secondly^ inu) such ai 
are rendered soluble hy the di^eative fluids, and in this conditi 
arCs UWc the fonner, more or less diUusihlej iind lu'itly, into 
ftiy either dissolved or undissolved, muat be tirbt metamorph 
by certain ili^ostive tliiids, aiLd ev«^n if Hul;ib]e, do nut miderj^ 
aimpL- dilTuMon. hot are conveyed by some apccial n>utc»< into the 
blo'>d and the body generally — by routefi on which they undergo 
eerlain, although perhaps small chan^jes befure their entrance in 
the hlood. 

If, ihereforc, we Vk'oiild study the digestive process hi the ni 
highly orgnniaeJ aniiimls, and would not merely consider the f 
in connection with the juices to M-hoae digestive action it ia 
submitted, but also in reference to its pasisflge into the bloody we 
nm^t especially take hito consideration tlic or^na of dig^ation* 
and the laws or conditions under which absorption proceeds. If 
furtliCT it would appear that the niecbanical arrangements which 
are exhibited in the or^^anisma of the higher animals for the pur 
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bpose or uidicig the chemical actions of the digestive fluids, and ^| 
promoting the transition of the materials prepared for nutritiCi^H 
into the ^^nerd mass of the juices, do not directly pertain to tll|| 



department of physiological cbemiatryT we must not overlook the 
fact, that oji tlie one hand, no definite Umits can as yet be drawn 
between the actions ofaftinity and purely mechanicaJ molcculnr 
motions, and on the other, that a scientific comprehension of lht> 
whole process from a purely el^emical point of view would 
impoaaiblc. If we here recur lo Uie previous conJi>arisun belw 
the absorbing ors^ana of the intestinal tract and the roots of 
higher plants, it at once follows that ilia only a system of organs fi 
resorption that can he compared with the roots of plants, and tb 
even here the similarity is leas betwcorj their meeJiauical couHgu- 
ratioii than between tl>c laws according lo which the absorption 
proceeds* These resorbing organs arc the minute capillaries \ 
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Drt1iroug1i lUe tvholc iuteatinal canal, almoit from its beginning 
D its temttiiatioN. 

In the root-fibrils of llie higher plaats, whoae leaves, CnigSj 
(lerufi, and coaraer roots arc, aa is wcILknown, invested by a 
nenibraoe thnt possesses onlv titile permeability for liqui Is, we 
SncI no canals vT s])ei^iiil iir^ns L"orres|>i>ntling to our ordinary idea* 
jf absorption^ but tq^vs of cells wl^ich from tiic delicacy of their 
iFidts are specially adapted to endosmotic actions* It requires no 
rerr profound knowledge of vegetable physiology to comprehend 
tliat during the life of a ijlant^ and even for some time after ita 
death, the cella of the root-Bbrils continue to have the opportunity 
af absorbing; water and aquenujs solutions frem (he moist soil sur- 
rounding them, while they continue to be deprived of this fluid by 
tl*e cells lying immediately su|jerior to them. If we only consider 
the enormous evaporating siirface which plants present in their 
leave* and their stomata^ and how these organs are c?^posed to 
relatively higher degrees of temperature and a perpetually varying 
ktmoaphcref we shall readily perceive how the juices occurring lo 
tlie leaves nnd in their vicinity gradually become concentrated^ and 
bow the cells inclosing them muat collapse if those in their immiz- 
fliate vieiniiy do not transfer to them a portion of their water j their 
Qwn Hoid contents thus heeouiiiig more concentrated, and a neces- 
sity for a continuous tran^scuissioo of a similar kind dow^nwards to 
Ihc cells of the root-fibrils bcin^ thus cstabhshedi At certain 
periods the formatitm of organic matter from the previously licpiid 
ar gaseous nutrient matter of the plant nmy hIso, in no slight 
legree, contribute to the increased concentration of the cell-jincesj 
Ind may thus renet on the absorption throufrhlhe roots. Finally, 
if we be^r in mind tliat the cells eontain solutions of protcin-sub- 
ttanees, dejirrin, sugar^ &e., substances which possess far less 
diffoaibility than the salts which are contained in the moisture of 
the soil, wc arc compelled to admit that plants present all the con- 
iition* neeetaary for calling into play the most active endosmotic 
uurrents, and that the terminations of the rools are eTicellently 
idapted for the moat abundant absorption. The adinirable experi-- 
nents of Hales may sen'c to corroborate the correctness of the 
riew, that it is only mechanical laws which are here in force, 
itthough some individual points still require elucidation in respect 
to the jirocess of absorption tlirough the roota* 

Wc have already taken an opportunity of remarking that the 
eapiilaries, which form a network around the intestinal eanal, 
institute the medium through which a great jiart of the fluid 
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portioii of t1ic mtestin&l conl«nls is. hhsarhetl. Wc ac« th»l Kerr 
also the k»»ow-n mechanical bws suffice to explain the absorption 
by papillariea and veins, and we may readily convince ourselv 
thai the same lava of cndosmosiii here come in cjue^tion whi 
guided US in our expl&UDtion of the absurViog capacity of the r 
of planta* Wq here refer less 1o the systems of ccHe, between 
wIio»e contents endosmotio catrents are estiblished, than to tlie 
cylindrically shaped memhnmes in vhicb a tolerahly cunceiitrsteil 
fluid is continually moving forward — an arrangement which ia far 
more favourable to cndosmotic motion than the rows of minute 
closed tacs which constitute the vegetable eel Is. We have tdready 
mentioned [see p. 243) that the blood, as compared with the fluid 
contents of tJie intestine, is so concentrated a solution that the 
chief current must be directed from the inlcatinc towards the 
capillaries, and that this direetion must moreover be al^vays main- 
tained in eoniteqtieoee of the intestinal fluid generally containing 
free seid. While we must fidniitj from these few experimental 
propositions on cndoamosisj that thia mechanifim in the intestinal 
eanal exerts a section or pump-like action^ we must moreoi"er 
take into account that the denser fluid of the cajiillaries ia c* 
fitantly flnwiiig onwardN^ whilst the liquor siingoidis which 
attenuated by endosmosia, ih replaced byn fresh atid denser blood- 
wave. Kiimchner* has demonstrated by an excellent espenmcntr 
which easily admits of repetition, the eslraordinarj- manner in 
which this prncess favours endosmosis. We must take a cle^n«JH 
portion of small intestijie [that, of a rabbit, for instance), and j>la<^^ 
it in a hasiu filled with a solution of sulphocyanide of potassium, 
in such a manner that one end of the intestine hangs over ll^e 
edge, while, by ihe aid of afunnel, we gmdually pour a moderately 
dilute solution of perchloride of iron into the other end, so tlit 
current of the solution of the salt of iron contimiouslv rui 
through tlie gut lying in the fitdution of Bulphocynnide 
potassium. When the two fluids which are ae|ifiraled by 
animal membrane arc relatively at rest, in<*re of the sulphocyanide 
of potEiasium passes into the pcrchloridc of iron than conTCraelj_ 
{M moy be readily seen by the deeper red colour of the fluid 
the side of the perchloride of iron); if, however, the solution 
the perchloride of iron only run in a slow current, wc observe ll 
the solution of sulphocyanide of potassium is far less coloui 
while if it run through the membranous tube iu a vei 
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wLrwim- we ran scarcely oliserve even n faint red lint in ttie snlitTioii 
of sulpliocyanidc of pot^ssiumi 

If we ohsPH-'e far more favourable conditions in the sources of 
absorption in the iTitestine than in tlie rnotfi of plants, this is 
mainly owing to the circumstances by whose reaction the con* 
tiriunnce of tlic absorption is controlled. It need hardlr he 
observed that the tapul absorption of aqueous fluid would veiy 
■ soon thin the hlood aTid the whole mass of the juitrei to auch an 
extent as finally to put a stop to any further endosmotic at^tion. 
But the animal, and more especially the human body^ preseiiLa two 
matns for removing the excess of water from the blood ; one of 
these is tnlerahly analogous with irhat ot^eura in vegetables, whilst 
the other is perulinr to certain of the higher animals, including 
nail. Like the Icai'ca of plants* the 1ungs» and in part also the 
skin of animals, present so large an evaporating surface to the 
atmosphere, that here, as in t)je leaves, an extraordinary quantity 
of ualer i« volatilised. According U\ Lindenan's approximate 
calculation, the surJace of the ]unga of an adult man amounts to 
2,S4S square feet, whilst the surface of the skin cannot be 
eatittiated at more than 12 square feet, and even if we assume the 
area of the mueh-phiiied internal surface of the intej^tine to 
meiuitire 24 square feet, the eiceasivc difference between the 
Absorbing and the evaporating surface will be sufficiently mani' 
fested to elucidate ihia admirably contrived meohantBra. The 
evaporating surface is not, however^ so readily exposed to the air 
in animals aa in plants; foti e^en under ordinary circumstances, 
largo portions of the evaporating membranes are so closely 
approximated and even eoUapsed together, that they are rendered 
almost inefbcienf; for ihe pure, comparatively dry atmo-sphere doea 
not cotne in direct contact with these evaporating surfaces, but in 
general onlv a mixture of air eonaiderably impregnated with 
aqueoUA vapour. To this we must add, that the ingestion of fluid 
load is, to a certain extent, a voluntary act in animals, and hence n 
much larger mass of fluid may readily he conveyed to the intestine 
than the puhnonaTy and cutaneous evaporation can remove, — a cir- 
oumatance which might readily induce a disturbance in the whole 
mecbanisnk. Finally, we mu^t remember that a large quantity of 
wtiler is generated in the animal even by its vital processes, which 
must contribute towards the attenuation of the juices, whilst 
organic sub^^tances are generated in the plant by the decomposition 
of water, a[id the j jices of the cells are thus rendered more highly 
concentrated- 
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Owirx^ to ihcae rcktioTis, it may rcftdily and frcqwcntly bujipwi 
th^it the evn|x>r&tion is inaufl^cient to count^ra^^t the ali?^orfitioii in 
fh*^ higher antnmit : and to meet this condition, we &nd iri theic 
animals a mechartiim which we are at present unable to MpUin, 
but the purpose of which U tu remove, in a duiid condition, tHe 
e\cC9B of water from the blood* We need scarcf^ly refer here fo 
the part taken by the kidneys in accompliabing thia function \^ 
Uie higher animals, although this is absent in birds, ^hicb drink 
only liLtte 6uid, whiUt they exhale a W^e quantity of aijueoib 
vapour during rapid cvajiomtion, and in the lower animals, whldi 
do not drink, and exist under peculiar rektions- 

Thia brief notice of the niecbanical relations evisting betweeii 
evaporation and tlie Ingestion of fluids Intu the aiiimal body, is 
sufficient lo show that by the clearer exposition of several pbysicai 
Ittu'Sf with which ve are still but impeifeetly acquainted] ^e have 
made an important advance towards the knowledge of the meclia- 
nical clTccts exhibited in the animal hody. Tlic proee,ss of ob* 
sorption appears to be so woTiderfulty simple in all its dGtaiU> tliat 
we can sciirccly comprehend at the first glance why nature hu 
thus Buperfluoualy added to the capillaries other and special al^ 
EOfbin^ vessels, namelyf the lacteals. Whilst in a past age the 
Irnnsitioo of fluids from the intestine to the kidneys waa con- 
jee tured to take place through **ri<e cicndesti/itp" we may now 
examine the '* p*i> flper^vp," through which the liquefied nntrien! 
matter pmsscs into the blood, and which, although not entirely 
devoid of purpose, appear to us almnst superlluoua when we re- 
member the power of absorption possessed by the blood-vessels 
Our knowledfje of this fact should teach us not to overlook those 
phenomena which we cannot freely deduce from the known prcH 
positions of the statics and dynamics of molecular motions, and 
should remind us that cases very frequently occur in physiological 
ns well as pathologicnl conditions, where the capillaries will appear 
Ui he either unsuited or inadeqiinl^ for the purpo*4e of absorption, 
when judged by the endosmotic nctions with which we have already 
become acqunintcdi It too often happens, that when a beautiful 
physical discovery has been made, it has been hiMtily applied to 
all analogous relations in the living organism, wilhont considering 
that the «um of the e:(isting conditions must give nse to the tnoiL 
various modifications of the newly discovered physical proposition. 
Thus, for instance, on considering more carefully the process 
resorption through the intestinal veins, we are stnick by a bi 
cession of contradictionSi which do not admit of being refei 
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simply to knoHTi etidosmodc rektiuns. We shall meet with a 
coTisiJeraMt? iiiimher nf suhslHiices wlnHi, allJifiH^h tliey are ex- 
tremely soluble, and occur in very dilute solution, are unable to 
enter directly into the intestinal capillaries, while tJiere are many 
vtiWartces which only reaeh the blood indirectly througli the 
lacteals. Alihough Ani-h facts as tliese strike us at the first glance 
aft ftinguUr^ we must nut forget that the reUtioua esi&ting betAveen 
the dissolved parts of the intestinal contents and the Teina of the 
intestine are less sinnple than the above descriptien might lead U9 
to infer. These fluids, and the walls of the intestinal capillaries, 
are Ktparated hy at least one dense layer of e|)'ttJielial cells, i^'hich 
arc further surrounded by a more or less dense network of 
filamenta of connective tiaatie. We are unable at the present time 
to deterniine v^hat tnodifieations these thick layers of organic 
matter induce through the results cjf endosmosia, and consequently 
alao of absorption, bat that they do elfect such changes has been 
proved beyond a doubt by numerous esperimenta on endosmosia, 
which agree in showing that an endosmotic motion ia succeeded by 
numerous nlterations dependinj^ upon the thickness of the mem- 
braiie^its morphological and chemical diaracter* the chemical consti- 
tution of the fluids between which the interchange is going on, &c. 
We know that the differenee het\i"eQn animal tnembranea exerts an 
csaentiiil influence on the endosmrktic proress, although we are 
atill far from knowing how a mucous membrane, a serous mem- 
brane, &c,t is able to induce or to modify an cndoamotic process. 
We know, further, that external pressure powerfully influencea 
endosmosis; and Liebig's beautiful investigarion affords nii example 
bow, in consequence of different pressure, wc obtain an oppoaito 
result from what the fundamental principlca of endosmosia would 
have led ua to cspect; but wc are not acquainted with any matbc- 
rnalical connection Ijetween the amount of the preR^iure smd the 
veloeilies of endosmotic mutioTi. Ilie influence eserted by the force 
(ff different pressures is of the greatest importance in the process 
of absorption by the intcatinal capillaries, for we need scarcely 
obser\-e that the pressure to wliich the blood is exposed in the 
capillaries must contribute very essentifiUy towards the al>undant 
abaorpiion of matters from the diliilii solution of the cliymtv 
constituent^^. If we know the law of endosmosia, in its simplest 
expresfiion, we are still totally unable to classify according ta 
simultaneously prevailing conditions and definite general formulae, 
the differences of its actions. Notwithstanding the cfi'orls of the 
most distinguished inquirers^ such ws Poisaon, Magnus, Bnicke 
VOL- lil- * 
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Liebig, Jolly, Ludwig, &c., we hare no comprehensive theory oF 
endosmoais; yet withont such a theory we are as little able to 
comprehend the causal connection of tlie complicated endosmotic 
processes exhibited in the living body, as to deduce a jiHoH the 
result of certain endosmotic e^cta depending upon definite 
external circumstances. We cannot hope to establish a theory of 
endosmoaia before the laws of the diffusion of liquid fluids dis- 
covered by Graham have been elucidated, and the influence of th« 
different nature of porous intermediate walls upon diffusive fluida, 
that is to say, the relation beto'een diflusion and endosroosis, 
together with all the circumstances by which the latter is deter- 
mined, has been adequately investigated. Not until then will it 
be possible to prove or refute the co-K>peration of the vital 
capacities of the organs dunng absorption. If, however, we still 
continuously encounter a number of phenomena in the living body, 
which seem to be at variance with the endosmotic laws with which 
we are at present acquainted, and if many interesting experiments 
(as, for instance, those of Bticker*) still appear to defy e:ipl3^ 
nation by simple molecular motion, this merely proves that we are 
still deficient in the physical knowledge necessary for the com- 
prehension, in a physical sense, of the causal connection of such 
phenomena. We are further taught that, in order adequately to 
comprehend the mechanism of absorption, our first task ought to 
be that of accurately examining the physical conditions of endos- 
motic actions, and comparing them with the relations which exist 
in the living body. A great step forwards in science is, however, 
al^vays made, when we arrive at a clear conception of the problems 
which we are especially called upon to solve. 

As we cannot discover the slightest logical justification in the 
still imperfectly elucidated processes of absorption for the assump- 
tion of vital forces having the power of directing one substance 
hither and another thither, or of taking up what is useful and 
rejecting what is noxious, we are thrown back upon the pro- 
position from which we started, namely, that the capacity of a 
substance for absorption stands in the same intimate relation to 
its chemical quaUtyas all its essential qualities do to one another 
(compare vol. i, p. 404)- If the capacity of a substance for 
absorption be not a mere irrelevant property, those substances 
which arc exposed to similar relations of absorption must generally 
present very definite analogies with one another j the capacity for 
absorption does and must always coincide with certain other 

< lUjcia. MoDateHchria 1849, S. 7^4-759. 
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qttnlitip* ill llic same suhstancps. We will hprc nnly rtfcr, hy 
wiiy of cxiimplej to a croup of properties exIiihileJ by »oliil>li^ 
Huflics whicli aland in tlie musl intimate rektion to nnc nnoliicr 
fur each indivi<iual body. It cnnnot surely Ire denied thut IliC 
degree r»f sclubilitvof a subatnncc stands iti a Ucfiuitc relation lotlie 
roedicricnt of condensation 0(?rurrin;4 duriii« solution ; and whrj, 
uior(!Di'er, could veiitjre to (jiie-slioo tliat the diirusibility of asub- 
»t»ncc muat atand in certain relations of dependence to its ftolu- 
liiUly? and do we not proclaim our belief in Ihc intimate connection 
lietweeii endoBmoaifl and the diffusion cf fluid bodies, when wu 
regret that we ahoidd hitherto have followed a wrong (lireulion* 
and studied the more complicated processes of endosmoaia before 
VfC had ettemptcd, us Gralmnn baa now done, to refer the plicno- 
menn of diflTuaion to definite laws ? Our knowledge ia indeed not 
yet so far advfldeed an to ennble u* sharply to define tliew (!on- 
tlitious and relations of de[ierdeiice, or tiie eonnection existing 
Iwtween these dificrent properties; but» at all events, this rmith 
ia dearly shown, that till these properties are not merely eon- 
nepted toother, but that they are also placed in the most iiidmatp 
(■unneetion or relntion with eertain fundamcnlftl qualities in eiicli 
individual substance. The undeniable importance which this 
ivlntion of the integral properties of a substance must exert upon 
it during its entire passage tlirough the animal body, must serve na 
ciur apolo^ for entering somewhat fullv into this question. It 
has genenilly been customary to iinderstand by the term tso/itfwn 
simply an uniform diatrihulion of the moleculea of the dissolving 
substance amont;sl the molecules of the disaoU'ing mentilruum ; 
and on this account it hgis been proposed to iipply ^h^ lerni 
dimtoiutioa^ {AuJIUgttng') lo those casea in which the solution 
(IMtung) ia evidently accompanied by simultaneous chonncnily 
attmetiTt^ forces. But, in point of fact, suoh a distribution of 
ih« molecules of a solid boily amongst those of a fluid never 
uccurs, as far as our knowledge at present extends, urdcsa we at 
the A^me lime observe, on comparing the sum of the ori^njd 
volumes of the substances to be mixed with the volume of the 
mixed l>odyT that the entire volume ha^ been diminished by eon- 
dj'tjHjition. The merit of ha^nng confirmed this fact appertains to 
C. Schmidt, ivhn has also determined for niaiiy subatances the 
degree of oondcnsalion exhibited in their solution in certain 

• (I mCToly ufl<? lliiB word for wbuI of & lifltcr. "Wc hnv(" na two wcird" 
wliit'li hf^iT itfi-ciaoly ti»t stiUK- rrUilimi iJ one* ftiioLliiT m tlju two G{Miniui irordn, 
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tolerably closely with the equivalents of diffusion. The definite 
attraction towards water, which we tee eo variously expressed in 
the above casea by solid tolubk substances, and the attraction 
shown in the kat-named case of solid insoluble bodies to water, 
equally lead us into a dom^n of inquiry, in which we receire no 
aid whatever from emplHcal bases; although the long-known, ai 
well aa the more recent investigations regarding hygroscopicity by 
DliJcher,* by Schwede,t and by Buchheiro,! and the provisional 
results obtained byBnicke, Liebig^ and Ludwig, agree in showing 
that even in this relation between the three important bodies 
already referred to, the most essential differences are obaervable in 
rcsi>ect to the attraction towards water. No physiologist can 
doubt that all the relations of solid bodies to water must be involved 
in the explanation of the phenomena of absorption and of the 
mechanical and chemical metamorphosis of matter; but even if 
we admit that absorption is nothing more than a iHmction of these 
various relations, we are not thereby enabled to explain the process 
of absorption, for we have not yet succeeded in expressing by a 
mathematically demonstrable formula any of the different kinds of 
attraction between water and solid bodies, or of establishing the 
relations which exist amongst them. For how is any explanation 
practicable, or, in otlier words, how can we refer phenomena to 
laws, when we arc ignorant of the laws themselves? We may, 
however, conclude from tiie scanty facts before us, that the move- 
ments of soluble matters within the living organism, and niore 
especially the phenomena of absorption, must be supposed to 
depend upon certain physical laws. Thus tremble and fall the East 
feeble supports of the old and naive belief in an instJnct, or a cer- 
tain spiritual capacity of the absorbing organs. The time may, 
however, come, and perhaps is not very remote, when we may 
include amongst "comprehensible ideas'' tlie properties of every 
substance whose relation to the animal body may be brought 
into question ; when the zoological department of physiological 
chemistry will no longer be limited to the enumeration of a few 
qualities of bodies, either arbitrarily or accidentally selected, but 
will indicate all witiiout exception — the coefHclents of condensation 
of their solutions as well as tiieir absolute solubility, their diffui^i- 
bility as well as their volatility, their cndosmolic as well as their 
chemical equivalent, their hygroscopicily as well as their fu si bib ty, 

• Po^, Ann, Bd. 50, S. fill-eca. 

t Dg HjgroscupicLlat?, iiis9, inaug. ]>orp. Livoit, ISA]. 

X Areli. f irliyfiioL Ileilk. Bd, 12, 6. 2J7-243. 
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&.c^,^c.; and when all these qualities will he duddatc*'] in their 
nio&t iiktiniate relfLtions to one another. None of tlieac propertios 
*hi>uM for the time lo fome he Te^nnled us nccitlentalj for in nature 
nothing is accidental j the different propprties ui' matter are ibe 
Tiecessary rcsidt of cert&in fundamental conditions. When once 
we shall be able to forn^ a h>^ical judg;mcnt of the nature of those 
eubstances in which vital phenomena are oianifeHtedj when sharply 
dcBred ideas of tlie diversity of matk^rcan aid our judgment regard- 
ing tlie nidations of each individual substance to tlic \Thole, we 
may perhaps be alile to express, in the simple but clear lanj^ua^ of 
mathemiilico-phy^ical conception, those conclusions which are 
dedutible from our scnsuffljs observations of the rnnvenitnts of 
matter in the living body. We shall not on that account be less 
abic to conlemplji(e tlic vrisc nrrangetnenta of the animal oi^nnipni, 
although we may no longer indulge in visionary drcatns of the 
spirituality of matter, or seek to conceal our own inactivity in the 
incomprclfctijisibilily of nature i for these verv arraugemeiita are 
merely the perfected expression of thai which may be attained 
by the eo-operalion of simple phyacal forces, when acting upon 
differently formed and qualified matter under the most variona 
niechanieal conditions. 

Alllough such a future may yet be far distant, and the attain- 
ment of such aims may require the most nrduoua cffbrta of many 
stealoaa labourers in science, we yet Itnow the dirc^ction in which 
ourendeavonrs will secure a fintisfactory result In this department 
of our inqviiriea. We know what we have to seek, aiidj emanci- 
pated from a belief in isuponiutural forces of matter, we feel that 
we are not striving for that which is unattainable, but that every 
step and every ^[^ientitic resulc, once gained^ will bring us nearer 
to tlie goal of our desires* 

This being the point of view from which we began our annlyaia 
of the movements of matter in the animal organisnij it wdl not 
appear singular if we eommenne the consideration of the proeesa 
gj^dnSBtiou by eslahlisphing the qualities of the objects io be 
I^^Btc. The qualities which principally demand our attention 
are those which involve the different relations of such matters 
to water; for these easentiJiUy control the form and the nature 
of the fthsorptioo which the mutters nndergo in the Intestinal 
cnnali Now as all the properties of a substance stand in the most 
intimate rclationa to one anotherT we scarcely tliink that Ave shall 
be in error if we insist upon the existence of a eertain relation 
between the ea]iBcity uf a substance for nbjtorption and its other 
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relations in the aliraenUry canal, more espccinlly to the ao-calledJ 
dig&itive juices. Those substances which have already uodcr^nol 
apecial molecular disjilacenienta before their tr»inuion into the 
mas* of the juices, must be conveyed by a different channel from 
tb«t by which unchanged or only slightly modified subatanco 
pass into the blood. We muat presiume that it depends apon oer- 
tivin more or less prominent jiroporties whether a substance paurei 
directly and without change into tbe blood, or whetber it only 
reaches its destination by indirect channels and after undergoing 
various changes. It cannot be oning to accident that tbose sub- 
stances which undergo no essential alteration in tbeintestLDfdcansl 
from the action cf the digestive juices, sliould be especially qualified 
for direct absorption through the blood-TCsaels; the one quali- 
fication Joes, and must undoubtedly stand in soiuc dcBnite relation 
to otbcrSr altbough ue do rot clearly understand its nature^ It is 
not only their saline cliaracler which renders the alkaline salts so 
easy of resoq)tion ; for there are many other salts which are not 
resorhcd by the capillaries, whdst on the other hand_, ureOj alcobolj 
and certain poisonsj pass fl-illi equal or perhaps greater rapidity 
into the mass of the juices than many of these salts; norisitlbe 
mere solubility of a substance whicb influences this easy transition ^ 
but it 13 the combination of several (juohtica depending upon th4 
fundamental relations of each individual isubstance, which induces^ 
the capacity for absorption in the same manner as these ftinda- 
mental relations also influence the reMBtance against the action 
the digestive fluids. Wheii^ therefore, we find aome poiaoi 
rapidly absorbed in the intestinal canal, while others are not taki 
up, we should !ieek for the reason of these facts^ not in a certain and 
definitely limited instinct in the absorbing organs, hut in certaio^J 
definite, allhough, unfortunately, not perfectly elucidated fundfrfl 
mental relations in those auhstences, It, therefore, seems most" 
appropriate to divide the ohj<>cts to be dij^ested into groups, whichj j 
insLoud of being based upon their nutrient power (and this belongflfl 
to the theory of dietetic?! and nutrition), or with regard to their™ 
utility or their injuricusness to the living organism, should be 
arranged according to their digcBtibility, that is to say, their greater 
or lesser capacity for being ab^rbed . 

Before we consiiler those matters iiidividuiLlly, whose ab* , 
sorption is solely or principally effected by the capillaries, wofl 
must clearly aaeertain in what manner a proof ceui be adducc<l" 
that a substance does not reach ihe general mass of the juices 
through the lymphatics, but passes directly through the capillaries 
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After it liad been anatomiciUly proved iLat tlie lyDiplialica and 
Ittclcab only tomniunicutc with tlie Ijlood -vessels through the 
thoracic duct, the following esperimenU were instituted, Tbc 
lymphntlcs or the thoracic duct having been tied, a substance woa 
introduced inLo the intestine or iitto a loop uf gutj which could 
either be easily detected chcmicaliy in the blood, or whoae pEissogc 
into the ijlood mij^ht he reco^tiised by certain phenomena of 
poisoning. Experimenra of this nature were undertnlcen by 
Mageinhf,* TJrodicjt Westrmnitjt EniuitTtT^ Segalaii,|| Muyer,if 
Bischoff,** T. Duseh,tt Kiir&chner,tt and others, the princijial 
object beih^ to determine as far an possible the capacity of the 
bltiod-Tessels for resorption. Anotlicr method employed to prove 
iJie transition iif cert^iin substances inl<> tlie blood without passing 
into the lympliatics, consisted in examiiung the blood and the 
chyle a ahort time after certain uubhtancoa had been introduced 
into the intestinal canal of an animal. It was fihown that many of 
the matters which will subsequently he enomeratedf might be 
found in the blood, but not in the chyle. Experiments of thia kind 
were made by FlQndrin,^^ Tiedenoann and Gmehn,i||| MQyer,m 
and more recently by Bernard ;***^ the latter ohaerver, moreover, 
essentially improved thin method, by seeking in the blood of the 
portal vein for subatancea wliicli had been introduced into the 
intestinal canah As the lucteala convey the fiuida which they 
contain with coOLparative slowness^ it must he assumed that those 
substances which reappear very mpidly In the blood and in the 
excretions must be rtaurbeJ through the intestinal capillaries, and 
not previoualy throui;h tbc lacteala. \Vc may therefore, according 
to Westrumb, Stehberger^ and others, recognise matters which 
are resorbable through the blood-vessels, by the extreme rapidity 

■ Pti^cii ia PliyUoJu^e. T. a, pp. 3l»3 ct 2Tir. 

f Vhilot. TrajiL iar IHll, p. 17a. 

i Plij^uL UntDrBurhurtj^eji Qbct dlo EmsuiipiiigBkrafl d«r Vciiea» JlaU' 
□over. Iftia : auJ MudcLrl's An:|L Ud, 1, S, 025 u, ^40. 
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fl Ktufondic^B Jounul dc PliybioLo^e. T. 9, p. 117. I 

^ IrlKkuL'B ArcL. J3d. :i, 5. 4ad, i 
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\i-ith which they reappear in the urine or in the pulmonaty 
exhalation. 

What are the substances which, according to theie expen- 
ments, may be directly absorbed by the blood-veasela of the 
stomach and intestine } Among these numerona and, at first ugh^ 
very various matters, we meet, in the first place, with certain 
tolerably soluble salts, which, whether noxious or innoxioua to the 
animal organism, experience no essential changes whilst within it, 
and do not exhibit any great affinities towards any constituents of 
the animal body, namely, all the neutral alkaline salts, whose acid 
shows no peculiar tendency to enter into spedal combinatioDS 
with other matters. To this class, therefore, belong the chlorides 
of sodium and potassium, iodide and bromide of potassium, the 
alkaline phosphates, sulphates, chlorates, nitrates, borates, and 
arsenates^ yellow prussiate of potash, suiphocyanide of potassium, 
and tite comliinations of the alkalies with non-nitrogenous organic 
acids. A second group of those substances which are especially 
resorbcd by the intestinal capillaries, are the adds, both mineral 
and oi^anic. A third group consists of alcohol, ether, wood-spirit, 
and fusel oil (Schlossberger)'*'. A fourth group contains many 
volatile oils, including the non-oxygenous as well as the oxygenous 
and sulphurous oils, as, for instance, camphor, oil of radish, oil of 
asoftetida, &c. ; to these we may probably also add, combustible 
and natural odoriferous subatinces, as musk and the constituents 
of Dippel's animal oil. Sec. A fifth group comprises several 
alkaloids, whether volatile or non-volatile, as, for instance, strych- 
nine, brucine, morphine, theme, nicotine ; and, tinally, there remain 
to be enumerated certain pigments, which cannot be detected in 
the chyle, although they may be refognised in the urine, as, for 
instance, the pigment of alkaima, of gamboge, whortleberries, black 
cherries, rhubarb, logwood, madder, litmus, cochineal, sap-green, 
and tincture of indigo. 

The great diversity of the substances above enumerated would 
make it appear difFicuIt, if not impossible, to discover in them any 
common aggregation of properties by which their capacity for 
absorption through the blood-vessels might be influenced; but 
certain other matters, which far exceed in solubility many of 
those already described, do not, as it would appear from direct 
experiments, show the slightest disposition to enter through the 
capillaries into the blood, although they are very readily absorbed 
by the lymphatics, or else, notwithstanding their great solubility, 

* Arcli. f> p1i3-&ioK llinlk. Bd. 0, B. 3«7. 
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tCFUC lilt entire inlcstiual Irnct witlioul being rcscrlted. We 
Jl subsequently become better ecquaintcd with those suU- 
nces which are exclusively or principally absorbed by the 
teelft, vhilsl in the pte^oni; place we will aimply refer to siieh 
remelj soluble iimtlcrs ns gum, turnierie, &c., wliicb arp nut 
orbed from the intestinnl caiifil either by tlie bJood-vessela or 
lymphcticB. To the last-nnmcd auhalances belong both the 
tire-vyTieno (whieh is probably identical uith the woorara) and 
I poiiiuri of serpenLs- If fioni this i^e were 1u con<:]ikdet hs liaa 

Sy been doiie^ that nature in her wisdum has closed the 
e of ihia poison lo the bleed by both c]iannels> the fai*t 
old scarcely impress us very pow'erfuUy, when we remembered 
1 b\\ access tu the c.tpillAries or the chvic was nhke forbidden to 
t compamtively hnrnilesa gum or turmeric a» well as to serpeiila' 
son, wlii*^h could only rorely find ita way into the stomach, 
ilst it opposes no hindrance to the ahsorption of other poisons 
ich rarely enter i^ouiida but are of common Qccurrence in the 
CT^liiie, These c^naidemtiuns, together with the experiments of 
u*singault and Bernnrd (width cerlarnly tlill require coufiniia- 
n], aceording to which an animal membrane that readily 
inits the endcsinotic passnge of saline solutions ia ccmplelely 
pervious to curarinc, eniulsin, and diastase^ suFHeiently sliitw 
it the law of Q physical necessity is here involved- Considering 
I fitriUin;^ diversity of the above-named materials, we mny hUII 
pe, notwithstanding our slight knowledge of the laws of diffu- 
u and of eiidosmosis llirou;j;h membranes^ to discover certain 
iperties common to all tlieac matters, on which we may suppose 
s grc&t capacity for absorption to depend, It is gencnilly ad- 
[ted that it is only soluble substanees wldch admit of 
orptioii ; but the degree of Holubiiity in these substances ia ^o 
fcrent, that if there were not a number of very soluble bodies 
icb were not capable of resorption^ we yet could not aseiibe to 
lir aolubilily alone the eapadty which they exhibit of being 
lorhed by the capillaties, Unfortiinatelv the greater numher of 
■ac substances liuve as yet been so imperfectly investigated in 
crcnce to their cupiicity for ditFusion and to the endosn^otic 
nvalent wliich is undoubtedly connected with it, that we nre 
,1 unable 10 demoristrate the dependence of their cnpacity for 
knrptiiiii upon t!iese properties ; but the analogy between sul>- 
nces found by Grahacn to lie very diffusible ami many of the 
Ijiw iilready referred to, lends the K^^^aler probability to ortr 
tjecturcj for we find that those substances which are very little 
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dtHpoBed to be absorbed through the rans, are precisdj ^kmc 
which Qnham found relatively little capable of diflunon, u, for 
instance, albumen, and in part also, sugar. 

Considering the near relation in which the volatility of thcK 
substances undoubtedly stands to their diffasibitity, we can hardly 
wonder that there should be so many volatile matteni in the dan 
of easily resorbable bodies- The third and fourth groaps of these 
transudable substances especially belong to this class ; but there 
is no gniup in whioh we more distinctly perceive the dependence 
of resorbability upon these physical properties than in the tecoiMl 
one; for Graham's experiments on difiunon^ as well as the 
numerous endosmotic experiments which have been made with 
the acids, explain their easy transition into the capillaries. If we 
could suppose that the difiusibility and similar properties of a 
substance were alone dependent upon certain fundamental pro- 
perties pertaining to it, we should 6nd a certain simplicity in the 
form of composition of most of the above groups. These sub' 
stances have either a mere binary composition, or, at all events, 
like the haloid bases and alkaloids, they have, according to tike 
most recent chemical inTestigations, a very simple constitution, 
approximating to the binary law ; while such soluble matters as do 
not belong to the above groups, aa albumen, emulsin, gum, and 
even sugar, have hitherto baffled all the efforts of chemists to 
comprehend their composition in accordance with the ordinary 
views of chemical affinity or pobrity* 

Although we have endeavoured In the above remarks to 
consider from purely physical points of view the absorbing 
capacity of the capillaries and the capability "of certain substances 
to 1)0 absorbed by them, we hope that our feeble attempt will not 
be so far misconceived as to leave the impression that we would 
wish to characterise the process operating in the animal body as 
actually physical in its nature. We are, on the contrary, far horn 
entertaining such an opinion; for the physical facts presented to 
our notice do not, in our opinion, present sufficiently strong 
indications to enable us to establish with completeness any such 
purely mechanical mode of consideration ; we will therefore 
merely repeat, that the simplicity of the physical principles of 
explanation are better adapted to give a safe direction to our con- 
jectures and further investigations, than if we were credulously to 
trust to a transcendental mode of reasoning, without the aid of 
earnest and profound reflection. 

In passing from these provisional remarks to the process of 



CELLllI,oaE. 



Sff9 



i 



digeition, and tliG eomportmcnt of different eubstanccs whilo 
fiul»j?t;ttrJ t[j this prtM-eaSj we liiive notliing to at!d to the observa- 
tions Already made, eKcepling to remark tlmt we sbflU rot here 
have to notice the digestive fluids with which these groups of 
■ubtftances are hrought in contact, since thcac substances pass 
from the intestinal (?anal into the mass of the juices in the same 
unchangetl state in which they eirlered it. The comljihatious intii 
wliich some of these suh^lances enter with acids during the process 
of digealJon, can scarcely conic within the scope of the present 
inquiry, since no essential change is produced by their action. 

In torrin^ to the consideration of the individual objects of 
digestion, our attention is in the first place directed to a group uf 
fiubslaocca which U&vc been distingui^Iied by the irrational name 
of the ctirfiG'hydj'ates^ amongst which are included cellulose, the 
diflTereut kinds of gum, starch, inulin, lichenlnj and the different 
kinds of aui^ar 

It must be ohscrrcd, in reference to ccUithsi or the subatnnce 
of the vei^etahle cell, that it belongs to those substances vvlijeh 
resist all the digestive fluids and other solvents \ andj on account 
of this property, all those ve^cLihle substances which essentinlly 
consist of this substance rc-appcar uncliangcd in the eKcrementa 
of bE^bivoroua and omniTorous animals. It must, however, be 
borne in mind that this substance (which Mitscherliob,* in his 
more recent experiments, found to be perfectly isomeric with 
ataicK and is represented by the formula C,jH]aO,^j, although 
its composition had bceTi previously assumed by Mulder to he 
CjH ^^1 ^ii) ^* ^"^'■y frequently fuund to be inerusted with some 

er perfectly insoluble substance, such as lignin or suberin. 
When, as in the case of the Beaver, we find the whole stomach, 
and more especially the ctecum, plugged, as it were, with fragments 
of wood and hark, without bein^ able at the same time to detect 
any easily soluhle nutrient substances — a?, indeed, E, H. Wehert 
and myself have frequently obst^rved — we «m scarcely avoid 
adopting the opinion that the digestive juices, at ail events, of 
these ant tnab, arc capable of escrtm^ a tnclaniorpbic and solvent 
action upon celLuloiie. Thiid riew of the subject seems also to 
gain confirraation from a circumstance especially noticed by 
E. H. Wcljer^t that in the beaver, those organs whose secretion* 
more eepecinlEy contribute towards the metamorphosis of the 

* Aim. d. Ch. 11. Phnnd. IM. 7^, 8. 306-:iU. 

t tkr. d. kJQigl, uicha. GeBellm:lt(U\ d. Wias. IUOO, 8. 192. 

X IhiJ, !■. Ill* 






270 DIGESTION. 

caH>a-hydratefl are developed in a remarkable degree; thoif for 
inatonce, the salivary glands are exceedingly tai^ in the Bearer, 
amounting, according to Weber's estimate, to 1-1 18th of the whole 
weight of the body, whilst in man, for instance, they do not 
exceed the l-895th part of the entire weight- In the same 
manner the pancreas is remarkably voluminous in the BetTer 
(AVct>er found that it measured 18 inches in the caae of a tolerably 
lai^ animal)- It seems more doubtful, whether the well-known 
large gastric glandj which is peculiar to the Beaver, bears a du«ct 
relation to the anlmaPs digestion of cellulose. If we should be 
disposed to ascribe to the secretions of this apparstus, which ciert 
so powerful an action on starch, the property of converting 
cellulose into dextrin end sugar, it must, at least, be admitted that 
the chemical relations of cellulose to certain solvent and meta- 
moi"pliic agents are in no respect opposed to this view. It is a 
well-known fnct, which was first observed by Schleiden, and has 
l>een admirably elucidated by Mulder, that cellulose, by treatment 
with the second or third hydrate of sulphuric acid, is converted 
into a substance very similar to starch, and which is coloured 
blue under the action of iodine. According to Mulder, syrupy 
phosphoric acid may, in such coses, be used in place of the sul- 
phuric acid. Notwithstanding the acid nature of tlie contents of 
the stomachs of Beavers, and however much this large gastric 
gland seems to imply that the free acid is destined for the meta- 
morphosis of the cellulose, the acids which occur here are always 
too much diluted to justify us in ascribing to them such a nieta- 
m Orphic actio n- At any rate, on an accurate micro-chemical 
investigation of the fragments of wood, bast, and bark found in 
the stomach and duodenum of the Beaver, I have never been 
able to perceive that the addition of iodine induced a blue 
colouration in the cellulose iihres and cells, although this colour 
always appeared very beautifully after repeated applications of sul- 
phuric acid, ll)e alkaliiie juices of the salivary glands, the 
pancreas, and the cfccal glands, probably e\crt a stronger influence 
on the conversion of cellulose into stareh, and its further decom- 
position into sugar^ than the acid juices of the stomach. For 
the admirable experiments of Mitscherlich* show us that even 
very dilute alkaline solutions act upon cellulose, whilst con- 
centrated solutions act more readily and completely than con- 
centrated atids in converting this substance into starch. Hence we 
must suppose that the greater part of the cellulose undergoes its 

• Op, cit. 
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niotamorphosU atii! ao1uti{>tt in the low^vr portirtn of the tmrM 
interline finil in tht! Inrgc irtestinef hi^^intisti the cunteiits it^ ibt'^e 
jurtA ill the IWaver eAhiliit a strongly alkaline reaction- We (nust 
here also notice a conjecture, wliich has derived soihg degree of 
iiupliort From anotlier beautiful experiment by Mitscherlich. There 
«kU(s a peculiar ferment for cellulose which is generfited during 
ibe putrefactiiiii of poliitoes, nmJ deslroya the cellahMe'Cella 
withiiuT, altaekiiiff the starch. Since, moveovor, it is impossible to 
aaamne thiit the conversion of starch into destrin and Bugar by the 
saliva and pancreatic juice can take place without a speciul fer- 
ment, some prohaliility certainly seems to attach itsetf to the 
conjecture ihat a ferment which can decompose ccUtdose nho 
<f\ists in thcue jiiicca of the Beaver, and co-operatea simul- 
taiieouUy with the alkah in the digestion of this suhstance. But 
althnrigh nnAtmnical facts, its well as chemical experiments^ speak 
ill favour of the (iigestiliility of cellulose (at least, in the cane of 
the Beaver), we cannot regard the view aa perfectly proved until 
more direct proof of its correctness can be adduced. With a 
view of elucidating this question, I have frequently made a 
micronc*»piciil and niicro-cliemiral examination of the contenls iif 
the amall and large inteatinc of the Beaver, but I have unfor- 
tunately never been able to determine with certainty tinit the 
oeLlulobC' cells obtained from thence e^chlbited chemical corrosion, 
rir hud been converted into a starch-Hke substance. 

Gum ii another carho-liydiate, concerning whose uses in the 
animal organism, notwilh standing its solubility, there is still 
considerable doubt. Although this substance is of such rara 
ncctirrence in the ordinary nutrient matters, even of the hcrbivora, 
Ukfkt its iTO-operalion in the proci^s of digestion and its appli- 
cation to the mctamorphoMs of matter, can be of no ^reat im" 
portaneCj its frequei^t therapeutical appUcEttionas a diotctic remedy 
would entitle it to some degree of notice, even if its peculiar 
dieniical and phyAJologiad rehitior^i did Tint demnnd ouraltenticn. 
In the olracurity \^ljich still involves tlie qucilion rej^iirding the 
digestion of gum, three possible modes of explanation present 
themselves ; namely, that it is converted into sugar before its 
resorption ; that it is resorbed directly and without alteration ; or 
lastly, that it is not at all resorbed, nnd is consequently completely 
eliminated with the solid excrements. The first of these hypotheses 
is entirely disposed of by the result of our former experiments. 
We eertjiinly know that yun^, like other carbo-hydrates, is con- 
verted into grajfc-augar after j>rolon;^ed di^Cbtion in the dilute 
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mineral acuds ; but all experiraente which hfive hitherto been mda 
to convert gum into sugar, or into any other tubstance, by roeviiof 
the digestive fluids, such as natural or artificial gastric juice, miied 
saliva, or pancreatic juice, have yielded thorongbly n^^tive reiulu. 
Frerichs* found that gum remuncd entirely unchanged when 
digested as long as 48 hours with aaliva and gaatric juice, nor wu 
it altered after having remained for 3 houra in the stomach of t 
dog, both when it was introduced through a fiatuloua opening and 
by the mouth- filondlotf instituted a' similar experimenL I 
foundt that the gum not only always remained unchanged dniing 
lactic acid fermentation, and during the conversion of starch into 
augar by diastase, saliva, or pancreatic juice, but also convinced 
myself, by parallel experiments^ that the presence of this body 
invariably retarded that process. I found, from quantitative deter- 
minatiuns, that after the gum had been digested for three or four 
days in a fermenting or digesting mixture, nearly the original 
quantity might be again recovered* These experiments, therefore, 
render it very improbable that even a small portion of the gum is 
converted into sugar during digestion. If, then, gum be actually 
subservient to the purposes of animal life, it only remains to be 
assumed that this hody may be reaorbed in an unchanged state 
from the alimentary canal, either by the blood-vessels or the 
lacteals. Tiedemann and GmelinJ fed a goose exclusively on 
gum for sixteen days, when it died j they found in the excrements 
unchanged gum, wiiich was also present in the acidly reacting 
contents of the small and large intestines. Boussingault]) caused 
a duck to swallow 50 grammes of gum-arabic, and in the course of 
nine hours 46 grammes were recovered from the excrements. 1 daily 
injected into tlie stomach of an old rabbit, which was otherwise 
fed on cabbage-leaves, 10 grammes of gum-arabic dissolved in 90 
parts of water; the excrements retained their ordinary form and 
consistence, but gum was easily recognised in them. The daily 
urine was collected , strongly concentratedf and treated with 
absolute alcohol, and the undissolved residue was then extracted 
with cold water. The aqueous solution, even in its most con- 
centrated state, did not give any reaction corresponding to the 
presence of gum, either when treated with silicate of potash, with 

• Ilandwtirtorbuch der PbjHiologie. Bd, 3, Abth. I, S. BOC 

t Traiti* de U digestion, p. 207- 

I Simon 'a Arch^ f. Cliem. u. Mikrogk. Dd. 1,8, 7C-e3. 

§ VcrdauuDg uach Vennclieb, Bd- 2^6. IfiG. 

\\ Ann, de CiiuiL et de Phyv. 3 &4r. T. 18. p. 444, 
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faWy Awuiied th^-tG jy^ints in the second volume^ when treating 
of the functions of the saliva (pp. 3'V"lO) and nf the pant-reaUc 
juice {p- \^0), that very few sdUilional remarks are necessary. 

Jf we briefly review the hittory of starch within the animal 
orgaMisfu, commencing with its introduction into the mouth, we 
find that in this cavity it is more t^r les« impregnated with saliva 
BCcurding to the intensity of the movements of mastication, its 
own dryness, and other circumstances, I'owerfully as normal 
saliva oceasiona the transformation of iKiiied $iarc]i into sugar, its 
influence on the raw starch durinp; the sliort time that each 
morsel remains in the moutb must he extremely slight. In the 
ruminating animals, on the otiier hand, wlicrc the food is for a 
long time retained in the paunch, and where from the coTitimioas 
flow of KaHva it \a exposed to the prolonged action of this 
fiecretion, a great part of the starcli contained in the food must 
certainly be metamorphosed ; and the same must be the case in 
the crop of the bird, In all other animals t)ie greater part of the 
starch passes unchanged into the stomnchj where the further 
action of ihe saliva upon it is to a certain degree suspendetl by the 
gastric juif^, when secreted in sufficient quanlity. After a due 
sojourn in the stomach this subetance passes into the duodenum, 
where it is brought in contact with the powerfully acting pan- 
<>rcfltie juice, and the commencement of its metamoTphoBia ensut^, 
Tuw»rd» the ileum the pancreatic juice disappears, and in its place 
we 6nd the inlcatinol juice, which acta somewhat less energetindly 
in effe*^ting the metamorphosis of the slarchH The conversion 
of the starch into sugar gradually follows; the Ntiirch- granules 
become softened on their surface, and» as they dissolve, bc<:o me 
eonvcrted into dextrin and sugar- Judividual lamellie become 
sepArated from the granuleaj artd undergo more or less disintegra- 
tion, isolated shreds being often perceptible by the inic.roscm>e after 
the upplieation of iodine. Tlie farther the starch passes onwards 
from the jejunum into the ileum, so much the smaller do the 
gmnules appear in consequence of the above-mentioned solution 
of their surface. Tlie enormous development of the crocum in 
herbivorous animals seems to indicate that the amylaceous matters 
are here again exposed to the action of a ferment which exert* 
some change upon them : but the experiments which have been 
hitherto mode afford no evidence either in favour of or against the 
view that the glandular secretions uhich are there (joured forth 
actually yield such a fennent. We know tliat the first product 
of the decomposition of starch, dextrin, is so rapidly converted 
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inio sugar, lUnl. wp only rarely finil it in tlip intestine, and tlitti 
merely in amall quondties. Since, however, wc aln-ays find n^ar 
in tli€ inteatinc in aaaociatioii v-ith sterch. it ia prot>Bbtc thftt the 
dextrin, &s ftuch, isj like gum, absorbed only in very fimul) quon- 
titles. Although it tan st-nroely be duuhted that a greAl part of 
the ttarch lakeu with the food paascs from tho intestiiii? iotn the 
blood in the Form of sugar, yet wc may very readily ciMiijnce 
ourscWea that a by no means inconaideralile quantity of otardi it 
jnetnmorphosed in the small intestine into lactic add, and in iw 
Invcr poTliiinH, hut rsi>ecinUy in the large intestine, jnto Untyru' 
&cjd» tind in theae forms is more rapidly absorbed than w 
sugar. 

Inulin is affected hy the digestive fluids in pr'ecis4?ly tHe ftam« 
manner OS starch: indeed it may be concluded from the inTe*iT- 
ffttiotjs which I hfive mstituted (which, however, were nol of ftn 
accurate quantitative chnrocter), that this Huhstancc undergoes 
e\'en a more rnjiid metamorphosis than ordinary starch. 

We now proceed tu tiie eunslderation of tu^cr, an^l espeeinllc 
of i/facQHe, which, while it certdnly decnnrida our notice in crnse- 
qucnce of its frequent occurrence in articles of vei:etablc tlict. is p( 
greater importance from its being, as we have just seen, the most 
ordinary nnd normal inetamorphie product of that m4>«t important 
noii-nitrogetioua nutrient matter, standi. The quc-stion here At 
once presents itself, — decs (rue glueose ttndergo any furlhef 
ehangea during the digestion of other substanties or when digested 
alone, or i* it re^orberi unchanged ? And after thi* quest)i>n Iwi 
been answered, the following soggeats itself, — by what organs is 
the glueose absorbed from the intestinal canni } 

Many references hove been made in the preceding pages to 
the metamorphosis of glucuse into laedc acid^ butyric, aad, and 
fat; and hence we should scarcely have occitsion to refer more 
fully to the subject if we had not here to determine, at all evetits 
appro3:iniately, the mi^nitudc or extent of these metamorphoses* 
It is commonly assumed that the sugar whieh it mtroduced into, or 
first formed witliiii the intestinal canal is absorbed withnnt further 
change, and very speedily, by the capillaries, — a view which seeuis 
to us very far fronj being atktisfactorily established. That n portion 
of the sugar before it is rcsorbed undorgoea one cr other of tliese 
changes is almoi^t generally acknowledged, but no direct inv 
gations have as yet been made regarding the quandty that is 
altered, and it has commonly been regarded as extremely sm 
The rei^son why it has been suppo^^cd that only a small quantity of 
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sug^r is cortverled into lottrc add ia pnihably dependent in part 
on the obsenvd fact that the acid reaction of ilic intestinnl con- 
tents 13 not VGty great, and in part on the belief that sugar which 
IB BO readily soluble and is regarded as Mgbly cliffii!iible (not beirg 
found in lurge i^uiiiilLties ev<^;i in lIic small Intestine) must be 
Teaorbed with est raordi nary rapidity. Since, ea boa been observed, 
direct obsen'utions on the qijaotity of the lactic acid formed intlie 
iiitesuniil oiinal are not praeCicable, we must looii uround m for 
olbcr jmsitive fucts, which may support eitlier the one ur Ibe 
otber view ; suchj for instance, as, if wc could acrurntely determine 
itf tlie proportion of ^ugar that pa»ftefi in a dednitc time into the 
blood or into tlie cbj^e, ns its quanTity in tliese fluids might be 
cunipfired wiUi Lht; quantity of the sugar^yi elding earbo-hydratc 
taken with the food. Although aucli calculations certainly might 
be made from the invtstii;riticina previously in our possesaion, yet 
1 preferred inscJluting ctj^tain ej£p«riments bearing directly on this 
question.* 

The experiments were made on horses, whose food conaiated 
of a mixture of tqital parts of boiled and rciw potnto-atarch ; this 
was mixed with about one-twelfth of rve-bran, and formed into 
balls, of which from 2,(W)iJ to 3,(»<)0 grammes were daily given to 
the hordes at intenats of two hours. Tlie quantity of atarch in 
the dried bidls was determined by the method of Liebi^ and 
Horsford* They had, additionally, about I kilogramme [nearly 
3*3 lbs.] of ?»ugar in the 24 hours. This feeding was continued 
for three days, and on the last day the nmounl of starch in the 
excrements diiscbarged in 24 hours was aaccrtained by digestion 
with dilute sulphuric acid, and the subsequent determination of 
the carhonic acid developed by fermentation. The animals were 
kille^l about an hour or an lour and a half after the last feeding, 
'when the intestinal contents were examined* and the chyle as well 
as the portal blood was submitted too careful analysis in reference 
to the quantity of sugar contained in those fluida. 

The horse A took in the last 24 hours 1584 grammes of dry 
Atarch in balk; as 234 grammes were found in the excrements, 
the animal had consumed 1350 grammc9 in 24 hours; eon^e- 
queotly I5U0 grammes of su^rar must have been reaorhed [nine 
parts of starch being converted into ten of glucose or grape- 
Bijgiir]- 

Tlic horse B consumed 1 335"3 i^mmcs of starch on the third 
day of the e.tperiment; as 3'2\'5 grammes of Ktarch were found iu 
■ Boi- dor k, tD«h& G«0eUMb. der Vi'iu. Jahrg. \SM. 8, L30< 
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die ex[!miienta, SH^S gmtnmes at thtH fiiib«i»nce, or 1016'4 
^nimines of sQgv, must ha^e beca rcsorbedi 

Tbe horse C took It^yP^ gramtnea of ftt&rch on tiie last dby of 
lh€ experiment, and < 1 3"9 grammes were found in the escrretneiiti i 
hence 14586 grammes of starch^or IfiSdii of sugar, niu*i ItAvebccti 
abMirbed mto tbc ntMs of the juicea. 

Hence in these animala, if the starch was converted aolel? in 
sugar^ \3H2 grammes of sugar xi'ere, on an arerage, formed in S 
ht)ur9» and transmitted into the bloud-vessels and laeteala. Aa t' 
Animals were fed at short intervaU o( 2 Luura^ vfc may assume til 
57'39 grammea paaaed into the chyle or into the pottal blood in 1 
h(>ur, and cons^quenTly nearly 1 gramme in I minute. Now the 
movement of the fluid is not so rapid either in tbe Lacteals or in the 
portal f eiti as to lead to the belief that the absorbed sugar is too 
quickly removed from the neighbourhood of the intestine or 
from the abdomen generally, to admit of this substance beii^ 
qualitatively, if not quantitatii^ely, determined in one of these 
fluids. 

It bets been formerly mentioned that it was only sometimes 
that I could obtain even traces of sugar in tbc portal blood of 
homes, there often being no indication of this substance. If pr^ 
vious observers believed that they had detected sugar in the SIocmI 
of this vessel, and found that the properties of this fluid generally 
were different from those which 1 have described, the reason of 
these diBcrepaneies is very probably to be sought in the methods 
of obtaining the portal hlood. The proper method of proceeding is 
not at first to lay open the whole abdomen, and then to make a 
regular dissection of the portal vein; for the blood of the 
hepatic veins in this case regurgitates, and a portion of it makes 
its way in^o the branches of the portal vein ; and as the hepatic 
blood presents peculiarities in its morphologicnl elements, and oor^ 
tains su^ar. the experiment must be more or less marred. We 
should make only a small opening in the abdominal walls, aud 
reaching the portal vein as speedily as possible, we should tie it 
at the point where it enters the liver. Even Bemnrd,* when he 
collected portal blood in tl:i^ manuer, never fimnd a trace of suoai 
in it. In procuring the portal blood of the horses in these experi- 
ments, ] guarded agDinst the above-named source of error, and I 
never found sugar or even a rrace of dextnn in it, 

Aiflujugh I have often previously stiitcil the priK-edure wlncli 1 
adopt for the recognition i>f sugar, yet 1 would here remark* iti 
■ Kouvellc ioiKrkioii du Joir^ Jtc PioiB, iSfrS, p. 33. 
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conequerce of tlie iinpt>rt:ince of the t-ase, tlint I oblflined from 
one of tfje liorses fi9 -i, froni ariotiier 53'3, anJ from the llurd 77'3 
grammes of portal bluud, mid tlja^t 1 euiployed at le^at two-tiiirds 
of it for the determination of the sugar. The follonin^ waa thQ 
method of proceeding: — the btocd after being nciitralizeil with 
dilute afid and treated with four timen its qcantitp of \\'ater, was 
coagulated by heat, the expressed and filtered iluidwaa evaporated, 
the residue extracted with spirit of 85^»ord the spirituous fluid pre- 
oipitAted by an oLcohoUc solution of potash. The portion insoluble 
in water was mixed with n lictle water, filtered, treated with dilute 
sulphuric acid^ fur the purpiij^e of ejecting the iiK^tiiuiorphoais 
of any dcxtrm that might be preaciit, and thcr excunined for 
ttugar- 

VVe feel inclined to regard a* incapable of proof these aingular 
facTA (it being in direct oppcsitioii to tlie previously received beliefj 
that the sugar passes with facility into the blood of the intestinal 
veina), and either to doubt the accuracy of the chetuical anolyaiB, 
or to get over the difficulty by assuming that there is an extremely 
mpid decomposition of the sugar in the blood. With regard to the 
fiiBt objection which might be, and actually has been, broaght 
against this experiment, scarcely a larger quantity of blood is 
necessary for the qauntitalive tielerrai nation of sugar in the normal 
fluid than was employed for thia purpose in the above espt-rimenta ; 
but there must Jii every case lie more sugiir in the blood of the 
porfal than in that of any other Tein, and its existence there could 
not be altogether overlooked. If we should further assume thnt 
the sugiir ahsftrbed by the intestinal capillaries is rajiidly decom- 
posed before it can reach the trunks of the portal vtin, we must 
produce cTidcnce that the d ecu m position of sugar proceeds far 
more rapidly in the blood of the intestinal veins than in any other 
blood, We have already seen in another place, that glucose, like 
all other kinds of sugar, when it is injected into a vein, very soon 
reappears unchanged in the urine i even when very small quanti- 
ties of glucose are injected, it admits of eaay recognition in that 
fluid. Since it has been maintained that portal blood is rich in 
alkaline ciirlwnHteBj we might be led to believe that it was tlic pre- 
sence of the alkiili whic^h caused a more rapid decom|x»sition uf the 
au^ar in the porlal than in any other blood, Thia abundance of 
alkalies in the porlal blood nii^-ht probably give some support to 
this view, if it did not happen to be a mere incidenLal [-irfumstauce, 
that in to say, if it were conaLantly present in portal blood without 
rcTcreace to the nature of the food which the animal hud p itviously 
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takon; this, however, islty no mcfiTiR thccnae* In my latter litTe^ 
tigatiuiLS TCgnr ding the compoMtiou of the blood in ditTorent mmlft| 
I Imve an several occasions (&fter feeding tLe animal fibund^ntlf 
on 1>rnii) found the senim of the portal blood cren far poorer in 
aultti tliaii tlic acrum obt^ned from tlic blood of the ftrtenes or of 
the vejia cava; Ehus, for iiiitanc?, in orte case tb« scniin of tfac 
nrl^rial hluud conULLrtt-d (>'85,)bT that of tlie blood of the r^na catc 
0-887S. anti that of the portal vein 0'321f of salts; tbeae »ain- 
bcTG enlculatod in rdatiun to the solid residue of the seram in encb 
cose ^ve a siindar result \ in the solid residue of the serum of 
ri^l blood the salts amount to 8'392St and in that of the i^ema 
to 8'50I,^T while in that of the portal vein they only rencli -1'895 
Even in this portal blood, which was so poor in salts, not a 
of sugar cnuld he found* 

It has l]i£n already mentioned (p. 234) that i^ugarj even vfh 
injacte<l with one oi two equivalents of altalirie earlxinate, 
phs^cs into the urine* 

Since, therefore, it appears probable that only little su^ar 
Tcsorbcd by the Idood-vessels of the intesiine, the question su^ 
pssXs itself, whether Cbe sugar is tiot prtibably taken up in so much 
the larger quantity by the lacteala. But my earlier obst;rvations, 
as well aa those recently made on the chyle of the abo?e-nientiun^ 
three horses, areo|ipo!4ed to this supposition. It has been tklt&kdj 
nitiitioi^ed (vol. i.i, p. 'IHfj) thnt It was uidy after the use of h^hly 
auL) kceoUB fodder that I could detect small quantities of itugar in 
llic cliyle of horsesj and in my latest experiment a with the titrec 
liorsea I arrived at no result which would favour the view thottbe 
sugar is ubsorbtfd by the laeteals. If we aa^iume that the avenge 
quuntity of ehyle which is [Toured into tbe subclavian veil) of the 
liorac in 2i hours amounts to 50 kilogrammea [l]0"23lb3.]i as 
might be inferred from what liaK been already- stilted (see vol, ii, 
p, 2!)2), then in these cases, when digestion was constantly goin* 
on, 37''! grammes of chyle must have passed through the thoracic 
duct in one minute. The quantities of chyle which 1 obtaicied 
from the thorat:ic duct In the horses A, B, and C, was S3'567i 
18 184, and 25'G16 grammes respectively. Now, according to 
cur Citlculutioiiii, we ace tiiutahi^ut I Lorain me of sugar wns rcsorbed 
by cuch horse in 1 minute. Ifj therefore, the sugar baa neltlj 
l>ecn tiiken up by the blgud-vesaels, nor has been previously me 
morpliosed in the intestine, there must be about 1 gramme 
sugar in :i7'l graiiuiies ofeliyle; but if ouly 01 of a gramni 
of sugar were contained in this quantity of chyle, it would readily 
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T» detected if we hud frc^m 13 to 25 grammes of tJie fluid fur the 
purpose of finatysis. In the chyle of the horse A oniy 0"(J^a8 
of sDgTir was foundj and in that of the horses B and C even lets. 
The rjuantity of sn^ar ])aH>iing into the lac^teali* la consequently 
Tcry iiict>nsideroble< 

Do we tlien £nd in the intestinal canal itself ai)y proof that 
the shsorption of sugar takes place so rapidly as is commonly 
believed to he t^e case ? Direct exjienmenTSj wliii-h I have insti- 
tuted with the view uf determining this point, do not by any means 
support the nbovo view. From 1 to !J grammes of t^ugar obtained 
from starch (dissolved In 5, 10, 15, and 30 parts of water) were 
injected into tliealomaehs of rahhits weighing from \-5 U> 2'5 kilo- 
grammes Qfrum 3'3 to 5'5 Iba-X and the animals (which had beejt 
4lIowed to take solid food both immediately before and after the 
iajeetion] were re^peeiively killed half an hour, 1 hour, and 2 
hours Bftenvards. Sugar could always he still found in the stomach, 
tlie duuilenum, and the jejunum ; in the animal that was killed 
after one hour, aiigar wns still found in the lowermost ^>art of the 
Lloum ; if the animal were killed in 1 hour after tftkin« 2 grammes 
of sugar, tills substance was found in no incorsidemble quantity in 
the eiecum. The contents of the duodenum and jejunum, which 
were generally tolerably fluid and even limpid, had a very strong 
acid reoctionj which was leas strongly man if eat ed, but was Blillvery 
distinct in the contents of the ileum. The contents of the cffioum 
always presented a very strong acid reaction. Further, if rabbits 
were fed for several days solely with red beet, or solely with carrots, 
augur (namely glucose] was found not only in the stomach but 
aleo in the duodenum in very considerable quantities \ in the jeju- 
num the quantity of sugar that coulil be detected was *; mailer, and at 
the lorter part of the ileum tins substance had entirely disappeared. 
Tlic contents of the stomach eshihited a strong acid reaction, and 
thoee of the duudenum were rfither lessdecidedlv acid j on the other 
lmn<I, the contfl*nt» of the jejunum reddened litmus paper very 
iiite[]sely, while those of the ileum were less acid, although stronger 
thui those of the oecum. 

Tficso observations, which were formerly made by myself on 
cats, horses, and rahblts, have recently been confirmed by numer- 
ous investigations conducted in my laboratory, partly by Uhle^^ and 
mutiy by von Decker.t 

It needs no circumstantial numerical proof, wliich indeed could 

■ t>iU' inatig. Upft. UA'i. 

t ZvitiwUr, f. -KiKr Zwl^gic, 1843, Bd. fi, 8. IJ3. 
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hcvfT be ileciaiTc with *»<"l» uncvrtain ^roundu of nippoit, lu ihov I 
that the gastric juice cannot bo tbe cause of this «dd rc^ctkm; im\ 
thifl point we vcouU ratlier trust to the evidence afforded bv ««ll-| 
known experiments, whieli show that even iifter a 0csh dtet> vhifh 
givett an additional quantity of free acid to the g&slnr juire, tbe 
ticid rc&ction often eritirelydiaappcfirs in the jejunom. Pattiiif vicki I 
alt<»jrether my o^vn observationB and ejcperi ments* I would bne 
refer eTdusivelT t,o the very admirable investigatLona of Bidder and ' 
SrluiiKlt* on thts subject. AJ^er ibeconjiiion biliary and t)i4> pa&- 
creatic duct Tiad been tied in a joung dug, an mie&tliiEd listnU ww 
foniicd, which on the subsequent dissection of the anininl m 
found to commiiricBte with the end of the upper t-hird of the sm"fl , 
iiiU'Sline. A week after the operation, when the wound might bej 
regarded aa healed, and tM general init&tjon seenied to havenb* 
tidedT the following eiperimenta were instituted on theaniaial: — 
After feeding the dog with flesh, a greyish white moss, witha 
strongly alkaline reaction, issued from the fistula ; in thu eve, 
therefore, the free actd of the gastric juice and that of ibc fleaJi 
itHolfwa» not only neutralised, but so much intestiniil juice wai 
secreted thnt the alkidinity preponderated^ tn this case the edl;a- 
Itnity cannot he referred to a forniHtlon of ammonia con»e^oent on 
putrefaction, whjch mi^hl perhaps hove ensued from the suspersion 
of t!ie flow of tlie bile; for when the bile and pancreatic juice ftft 
allowed Free aceeas to the intestine^ we likewise find the chyme ia 
the jejunum and ileum equally alkaline. Thia much, howerer, 
may be iJiferreii from the above eK|ieriment, that the free scid 
which we observe in tlie i^'hoic of the small intestine during a vece- 
tablo non-aL^id diet, or after the use of sugar, docs not depend upon 
the i;astric juice, but must have its source in the (ond itself. 

If (lie fact l>f {viTifirmed that a jw^rtion nC tlie sUrdi and sugar 
in the Intf^liiial canal be converted into add, we baTC iJieii iu 
nscertain what substance, or what constituent of thi^ inteatin«l 
contents it is which induces this change. We have seen that 
when (he saliva, gastric juice, piincre*itic fluid, and biTe are totally 
cjicluded, the intestinal juice itself is able to effect the metamor- 
phosis of starch into sugar, und of the latter into luetic add. 
Moreover, starch was observed by C. Schmidt to be completely 
ehangeti by the intestinal juice into sugar in 3Q minutea, and into 
lactic acid in 5 ur G bourSi Wltile we do not mean to deny ihitt 
goatric juice (Bouchardat fmd Sandraa), hilc (van den Bri>ck) or 
ikther fluids thot make their way into the stomachy or, indeed, that 
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even normal rniL<'u». mttv not |)£*ssea3 lliia property, or. at all 
eventSj may not attain \t at the tompcrature of tho aiiimal boily, 
tim. at all events, is certain, that all the&e materials collectively do 
not 80 rapully excite tlie lactic acid fermentation as the fipecial 
intestinal juice. 

I agree with Frerichs and Schmidt Ihat tbc pure acid gafttrio 
juice of doga, in the state in which we obtain it from gastric fistulfe, 
does not convert sngar into lactic acid even after several hours* 
digestion; but if tiic gastric juicr he mtxcil willi miidi Hftliva^ or 
if wc add to it a small piece ol' the glandular coat of the stomach 
of tite pig:, lactic acid may certainly be detected in the mixture 
after 3 or 4 hours. Hence we believe that ^ at all evenu at the 
present time, iJie possibility of a formation of lactic acid in the 
•tonikch cannot be ^together deaied, although it is not aX kII 
probable that, under ordinary conditions, any appreciable quantity 
of starch or sugar luidergoes this change. 

If we allow saliva to remain in contact with sugar of milk, or 
even with starch, at a temperature of from 30° to 40°, a little 
free acid h certainly formed, but so long a time (often from 16 to 
32 hours) is required for its dcvelopment/as almoHt to exclude the 
idea that the saliva in any degree cuntributes to the conversion of 
the sugar into luetic acid. 

Hcintz and van den Broek* support the v'lc^/e that the bde 
contributes in a special manner to the conversion of the sugar 
into l&ctic acid, and the well-known observation, that we generally 
find the rontEnts of the duodenum more intensely acid than those 
d-ther of the slomach or of the jejunum, favo\:rs this view; but, 
notwilhs landing this, t cannot unconditionally adopt this opinion, 
for altogether i independently of the circumstance that, as has been 
already mentioned, the intestinal juice alone, without the bile, can 
induce the lactic acid fermentalionj and that tlie intensely acid 
reaction of the duodenal contents admits very readily of another 
aolutiouj the action t>f the bile on sugar is of so slow and gradoal 
a nature, that we trannut regard this function even as a secondary 
object of tlic flow of bde into the intestiral canal. Every one 
who has repented Meckel's experiment of allo^iing bile to ferment 
with sugar, in the same manlier that Schiel has done (see vol. i, 
p. 257j a'ld vol. ii, p- 10^)j must have convinced himself that it 
ia only very slowly that the acidity is developed in the bile ; and 
this is e3|>cciiilly the coae when we employ for the esperimcnt Inle 
that ba» been hltered, or that has been removed with extreme care 
■ JfeitBohr.f- r-l- Med, Bd, B, b. 343- 
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ftt>m the gall-bladder. Bile that has been freed br alcohol froni 
mucusi and from which the alcohol ha* afterwards been remored 
bf evapora^on, may be kept for months without UDdergung the 
latrtic acid fermentation ; mucus is indispenaahlr requisite in tlui 
process of fermentation, and this aubttance acta independenUj d 
the bile, and not more slowly when alone than when asaocnted 
with that fluid, but a hr more prolonged action ia necesaa/y thn 
within the intestinal canal. It cannot be supposed that any^of the 
lactic acid which Is formed in these fermentation -ex perimenti 
cfkuld be saturated by the alkali of the bile; for the quantity of 
alkaline carbonate in bile is extremely small, and the acida, aoloblc 
ill ether, which are lil>erated by the decomposition of the Irile 
{and amongst wbich I could never detect lactic acid with certainty 
after twenty-four hours* fermentation) exhibit a very strong idd 
reni:tion. I fuund that ox-gall containing mucus, to which I added 
Hiigiir of milk, and wliich was kept at a temperature varying from 
JU to Aif, deposited in the course of two or three montha a sedi- 
ment of crystalline cbolic acid (Strecker's cholacic and) ; the 
Hupcrnittnnt Huid contained an alkaline acetate and comparatirdy 
littk' alkaline lactate. 

Lassaigne* was the 6rst to observe that the pancreatic juice 
d'lrs not poNse&s the property of effecting the metamorphosii of 
MU;;ar. 

If \vc iritr^rfluce a solution of grape-sugar into a tied loop of 
^ut (at about the middle of tlie small intestine) — an experiment 
which Fuiikc often attempted at my su^estion — we And that in 
liic course of 2, 3 or 4 hours the solution, even if it was very 
cinicentratcd, has for the most part disappeared, while the intestine 
iLsHf is very ]>alc and never inflamed (whereas loops of gut into 
whirli Nolutions of chloride of sodium of moderate concentjwioa 
have buen introduced, often exhibit a strong inflammatory 
iigfction) ; the portion of fluid remaining in the loop never, how- 
cvcr, exhibits an acid reaction. At the first glance this experi- 
ment apjicara to be in entire accordance with the view held by 
van den Brock and Ileintz, that it is solely by the influence of 
the bile that tlte metamorphosis of the sugar into lactic acid is 
effectctl ; but if we simultaneously introduce bile and sugar into 
Ihc lijop iff gut, there is still, after the lapse of the above-men- 
tioned time, no acid reactio^i in the remaining fluid ; it might 
therefore be regarded as a fair conclusion, that the intestinal juice 
in as powerless as the bile in inducing tliis metamorphosis, and 

■ Jonm. do Cliim. tn^. Itt&l. No, 3, pp. 6^71. 
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furrher, flic view ihnt sii^nr is pftrtinlly ronvoitcd into Inctic ncif!, 
might he hclit as Ijiorou^lily controvertf^d. Rut we must not limit 
ourselves (o isolated farts, if we wish to obtain a deeper insight 
into the phcnomeiiti of the tiving organi^iti ; for the fact remains 
beyond all question, that after the use cif sugar an acid reactiou 
forlhwith occurs in the whnle of tlie smaU intestine antl in tbe 
firat half of the large intestijje, aud that e&Ura, gastric juice, and 
the pancreatic fluid exert no onetamorphic power on sugar, this 
power being possessed in a aliglit degree by bile, and in a high 
degree by tl»e intestinal juice. It is easy to see why, notwitli- 
KtantJiJig the presence of inteattnal mucus and bile, no acid ia 
observed in the isolated loops of gut; for the lactic acid ia no 
sooner formed than it eomljines with the alhali of the intestinal 
juTce and Is rapidly Absorbed ; heiire it is only Hehlom that the 
contents arc alkohne, being for tlie most part neiitrah It h still, 
however, difficult to understand how it is that the chyme, wlifin its 
passage is not innpedE:d by any loop, 3o constantly e^chibita an 
acid reaction— ^a fact^ to the diseoTerv of whirh we have not bren 
led hy any s(jeciai predilection for lactic acid; morcciver, Sdnnitit 
and Bidder bave indeed observed it (without, however, nttachins; 
any ipeeial value to the observation). If the passage of the food 
through the intestine he interrupted, by a ligature, so much bile 
collects in a short time above it that the intestine becomes much 
diatcTided at the spot; but even here, after augar haa been taken 
by the raouth, wc find no free acid* We waity therefore, for further 
investigations to elucidate the cause of tlie interruption in the 
formation of lai:tic add. which occurs when a single ligatiire is 
applied to the intestine. Unfortunately we have been unable to 
include the consideration of the enormously large intestine of the 
herbivora in this investigation ; my discovery, that after siignr has 
Iwen taken by the mouthj it may after a ver}' short time be 
detected in the caicum, fxnd that it \s there that the greater^t 
formation of aeid occurs^ would seem to indicate that this portion 
of the inte.*itine possesses more active functions than we have been 
led from former investi^tions to ascribe to it. Cerljiin exi>cri- 
ntents by von Becker, which have a bearing in this direction, 
have yielded the most decisive evidence in favour rif this view. 

If we regard it as an established fact, that even after tbe 
abundant me of amylaceiKis food, neillier dextrin nor sugar can lie 
d<:tcctcd in tbe portal blood or in the chyle, and that we can for a 
long time trace the presence of sugar in tbe intestine, even as far 
oa the crocum^ niter sui^ar itself or saccharine food hns been fjiken, 

ift^jitdUae^Egi^clmnged into sugar in 
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the intestine, but that it very soon undergoes stilt further alten- 
tiona, seems to present & greater probability than the asaamption 
that it is merely oti account of its great solubility and diffiisibility 
that it passea with eitraordinafy rapidity into the masa cf the 
blood. But is the difhiaihiUty of sugar actually so great? 
Graham's experiments, which were instituted with cryst&Uiscd 
and fused cane-sugar as well as with glucose, coincide in thii 
point, that sugar has less than half the diffusihility of chloride of 
sodium ; while 5d'7 parts of aalt are diffused, only 26*6 parts of 
sugAr are diffused under precisely tlie a&me conditions. Moreover, 
the endosmotic eiperiments which have been made by Jolly and 
others entirely correspond with the above results ; thus. Jolly 
found the endosmotic equivalent of sugar to be almost twice as 
great as that of chloride of sodium, and twenty times greater than 
that of hydratcd sulphuric acid. Hence these physical experi- 
ments do not by any means justify us in concluding a priori that 
the resorption of sugar in the intestine ia an extraordinarily rapid 
process. 

Amon^ the numerous contradictions which we meet with in 
the consideration of the phenomena connected with the behaviour 
of sugar in the intestinal canal, it seems to be especially necessary 
to institute further and more accurate investigations regarding this 
circumstance* Several series of experiments have been carried on 
at my suggestion by von Becker* on rabbits, which at all events 
have thoroughly cleared up some of the point** in question. I 
deemed it necessary to put aside for the time the consideration of 
starch, cane-sugar, &c-, and to employ only that sugar in these 
eicperiments which is formed in the animal body from these 
carbo-hydrates before they undergo resorption. In the considera- 
tion of the results of Becker^s experiments even this point must 
not be wholly overlooked; for we have introduced into the 
intestinal canal and tlie blood far more sugar than is ever found 
there during the digestion of the amylacea under normal relations; 
and from this very circumstance several objections have arisen 
which affect not only Becker^s investigations, but likewise several 
experiments made by myself or Uhte. In the first place, it was 
established beyond all doubt, by three series of exjveriments, that 
after the introduction of large quantities of grape-sugar into the 
intestinal canal, this substance passed directly into the blood, 
where, indeed, it often accumulated in such large quantity as to 
show itself even in the urine. In the first series, saccharine 
solutions of various strengths were introduced by the previously 

■ ZeKrchr. f. wm. Zool. Bd. S, 8. 1S3. 
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i1e9m1>ed oielliods into Lied loops of intestine, wtien an QUgmeiitii- 
tion of ihe normal quantity of au^ar was constantly found in the 
blood ; in Eom^ cases it €vcn rose to O't^f arul rould therefore be 
detected in the urine (we note to vol. ii, p- 427, in Appendix). 
llic same reskilts were obtained from a second aeries of experi^ 
ntcnts oil robbitSj in which solutions of sugar were iujocted 
through the oesophagua into the stomach. The value of the 
experitnerit was often diminUhed by the circumstance that the 
abncrmal di^ti^nsioTi of the intestine with an aqueous fluid Joadcd 
witii sugar induced morbid phenomena flad interfered very con- 
aiderabiy with the resorptioii of the sugar. The third method of 
detecting tlie direct pa!i«age of the sugar into the blond, con«i!iled 
in Jillovriiig the animals a free supply of liiglily saccharine food. 
In thia ease also there s^as found to be a constant au^ienttition of 
the quantity of flugar in the blocd; it was, however^ only when 
(he animals had been very voraoioua that any Bugar could he 
olwervefi to have passed into the urine. Thus there can Ih- no 
doubt that a great part of the sugar taken with the food or formed 
in the intestine during digestion^ passes unchanged into the blood s 
and hence, although sugar is also formed in the liver, the quantity 
of this substance in the blood is directly proportional to the 
quantity of carbo-hydrates that have lieen taken — a fact which 
Bernard* has been led to dcnVi* from his determinations of the 
amount of su^r m the li^'ers of various aninmla, although hh o^vn 
inTestigations show that the liver of herbivorous animals and birds 
Atwaya contains more sugar than thoKc of carnivorous animals. 

Another question of much importaoce in relation to the 
resorption of sugar is, regarding the quantity which an animal of 
known si£e or weight can take up in a given time. Eoussingault'^ 
found, in his experiments on ducks, that one of these birds (tlie 
weight not f)cing stated) was able to rcsorb 5'&2 grammes of 
augar, or S'26 gmmnies (tUe equivalent quaiiCity) of sturch in one 
hour. Von Becker found, in several experiments in which saccha- 
rine solutions were injected at intervals of a quarter of an hour into 
tlic stomachs of rabbits, that for every kilogramme's weight of the 
animal there were aliout ']'5 grammes of sugar absorbed in the hour. 
No importance should, however, be attached to this determination, 
sTiirc, OS we Icani by direct experimentSj the quantity of sugar 
resiorbed in a given time is very dependent on the concentration of 
the s&ccharine solution in the intestine* 

* Noutfi*lLe foncllon du firi4>, p. 4FI. 

t AiHi. do Cbim. al do Phyft 3 ^4r. T. IS, p. 4rtO. 
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The circumstenTC Ihat hns been just mentioned leads u» toi 
most important qjestion in connexion with the geii«-ral process of 
dige^ian. We bave pointed out in tlie irjtrodiit-tofy remarks (otlii» 
section^ tliat very little ligljt liuAvet been tliruwn upon the maiuief in 
whtclk tlioscaabstances are rcsorbed which ore known to pass.fla pro- 
duets of digestion, into the blood. In order Loobtain an insight iMH 
iWxi obscure subject, it ser^med ndnsnMe to commence the inTc^^l 
gRtiiin with Cbc simplest and least complicate part of the inquirT. 
namdy, with the deter nt in ation of the \avs afiecting the reaoqttiao 
of sugHTp The following means were employed to determine this 
point. Solutions of grope-*ugarj of Tsriou« hut ac<*urately deter- 
mined strengths, vere introdui.frd into tied loops of gut of different 
lengths, and the animal being killed after I, 2, 3, or 4 Itoiin, 
both the qunntity of sugar remaining in the loops of gut and tlie 
quantity contained in the blood were determiTied- The f^llo'iriiig 
may he regarded as the most interesting of the re?w1ts vLkfi 
von Decker ohtitined from this series of espcrimenta, Vfbioh 
amounted to neaily fiO in number: the quantity uf the nf/soH/fd 
niffor u altogether indeptndint of the length of the hop of ^ or 
qfihe sttpeTficifit fZti^jU oj'tht ahKfirhiittj stir/ace. This thoroughly 
uncsj^ecled rcMjU was confirmed in all the csperiments; the 
quantity of su^nr injeeted into (he luop hcing tho same, the 
resorption remained the same^ however large the portion of inles- 
tine over which the stdalloii of sugar was distributed ; if, Iruwcver, 
ft very short loop were taken, the rule would not hold good. THutf 
for instance^ 3 grammes of u saL-charinc solution, containing 0'2jH 
of a gramma of sugar in J'722 grammes of water, were injected 
into lied loops of intestine in two mlihita ofequal site; in one o^ 
the animals the cuhic contents of the lied gnt amounted to 27,7*^^ 
cubic millcmetrcs [about 1'6 cubic inches]( and in the othcr^H 
only G,800 cubic millemetres [0-a ofa cubic inch]; and yet.aft^^ 
four hours, only 0'2,JI of a gramme of sugar was resorhed from 
the former, while 0225 of a gramme (or very nearly the same 
quantity) was taken up from the latter. In several espcriraenls it 
was ECluuUy found that rather mure sugar was resorbed from the 
smaller than from the larger loop. 

A second fact which tou Decker estnbllahcd by paral 
experiments with two rabbits of ainiilar siae, was equally u 
ejtpecteil. Wliile there is a general tendi'ncy to believe that t 
resorption of the inle*linzil contents proceeds with a rapidity a 
freedom proportional in a certain degree to the diluliori of the 
solutions contained in the intestine, he found that, at all events. 
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ffir saccharine solutions, prcdaol^ the opposite rule hel*l good ; for 
it appeared ihH when c^quBUjr large quantittes of 6uid were 

injecTeilj tht- nhsrirplion of the saccliarinp sululioti stood in a tiirect 
ratio to Us coiicentrat'ioii ; that I9 tc say, tliat the more cooceiilrafcd 
the solution is, the larger wiH be the quantity that ia resorbed- 
Thu», for inBtanee, in several espenmentB with solutions of sugar, 
one of which was four times more eoru'entrated than the other, 
lliere were four times aa much su^ar taken up from the former as 
Irom the latter, in eqoril times; or* while in the former case 
906^ of the sugar injected into the inteatijial loop disnp^ 
peared, in the latter case only 80j were rei5orbed (hiring the same 
time. 

Tlieae rules, as well as the pre^'iously mentioned fact, that the 
intestinal loop absorbing the saccharine solution must ha^e a siie 
proportional to the quanlity of sugar, while an exee'ia of ui^e in the 
loop e^ert* no influence nn the absorption, are explained by tlioae 
experiments of von Decker's, which were instituted with the view 
of ascertaining the aniQuut of abaorption in ditfercnt intervals of 
time, when equally large quantities of equally concentrated sacrcha- 
rine solutions were Injected. If we lay down a curve representing 
the amount of the absorption of sugar in ibc different intervals 
elapsing between the injectioriinto the gut and the complete empty- 
ing of the loop, and based upon the sixteen experiments whicb 
were made U]>[Hi this point, we see at the lirst glunce that the 
absorption of sugar proceeds most rapidly at first, find afterwards 
more graduallv* Four rabbits of equal hiae were always used in 
tbeae experiments, and equal quantities of the same BHceharina 
solution having been injected into equally lar^e loops of gut, the 
animals were killed in 1, 2, 3, and 4 huura after the injection. 
(Indammalion was recognisable about 4 hours tftcrwarda, at tho 
places where the ligatures were applied,) Now if we perceive that 
the most abundant absorption took place nt ibe commencement, 
tbat is to aay, during tlie first hour» this is only a confirmation of 
the above law, according to which tlie resorption proceeds with a 
rapidity proportional to the go 11 cent ration of the solution* If^ after 
the death of theanimalj we observe the degree of fulness of tlieloop, 
we Bud that after the first bour it is thoroughly ^llcd and distended 
with fluid, if the solution that bad l>eeii injected was tolerably 
^BOneentrated ; tite volume of the iluid within the loop must, thcre- 
^fcre, have considerahly increased by the absorption of waiter from 
tlic blood of the intestinal capillaries, ft follows from a careful 
comparison of the numeric&l results which have been thus obtained, 
VOL. HI. a 
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titat the p^netrnlion of the fluid into the rarity of tlic int^st 
prorcRils with n strength priiporlional to the wnifvntrBliou of 
aaccharinc solution contained within it; and furtl»t:r, that 
nbsorption of the augur vnncs dirfrctly with this roTK^rntrafion. 
the solution within the cavitvuf the intestine he v^ry much d\\\i 
hy the absorption of waler. the further ahsorjitu>n of »ingar oriTy 
proceed* slowly- Tiio previously mentioned exceptions to Uic 
tint of these Lavs atren<^hen the evidence in favour of this W; 
for if a concentraied iohilion of sxi^ar he inlTorftice*! into too sh 
alnop, into which the inll(i\ of aqueous tluid from without is con 
queiitly dilBcult or impo^ible, we 6nd tveit after 4 bourn that h 
is strongly distended, and thntTCry little ^^r ta absorbed. Th 
for instance, from 8 jp-ammes of a solution eoiitaiziin^ 0*l>ft3 o 
gramme of sugar, 0'S89 of a gramme (or 90 ft3jj) of sugar was 
absorbed by the loop containing 30,600 square luille metres nf super- 
ficial area, while only 0-l82of a gramme (orl8\'>34K) of sugar waa 
taken up frona the loop presenting 11^160 miUemetres of surface, 
aftertbe lapse of 4 hours. 

It is Bufficienlly apparent, even from this simple statement of 
the positive results of von Dcclter'a Labours, that unexpected w tl 
first sight many of the facts appear, they are yet in the most per- 
feet accordance with the laws of endosmosis in so far as they aro 
yet known. For if we only remember, for instanee, the melhiifl 
by which Jolly determined Kis cntlosmolic equivalents, in »)iich, 
in the place of the dissolved salt, a definite and corresponding quait* 
tity of water always enters into the endosmometer, and where I 
part by weight of sugar is always replaced by ? purts of wat^r, we 
can at once understand the augmentation in the contents of the 
loop, which we perceive during the first hour after the injection of 
a concentrated solution, while the absorption of sugar is goinij; or* 
most actively. If the loop be loo short for the concrentrated sae* 
charine solution, it can only take up a small quantity of water, and 
hence only a small qjantity of sugar, corresponding to tbc absorbed 
water-can be g^vcn off; and we thus liare an explanalion why 
we observe only a very slight absorption of sugar, associated ivith 
coiiaidemble distention of the loap^ in such cases. Finally, we see 
from this cndosmotic law, why the size of the loop {unless when it 
be too small) exerts no influence on the absorption of augiir; fur 
if the loop be sufEciently great to nllow the equivalent quantitv of 
water to enter, no more sugar than the quantity correspond rig to 
this water can ever escape, however great the loop may be- Sinca 
the quantity of water which enters is dependent upon the amo 
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of *ugar in the injected solution, the absorption will be precisely 
tlicsniuc iri If Hips of ihe mnst variciJ lize^ pmvidtd ihc cimceiitrft- 
tioii iif the Kolutiona betlie same. 

Thtsc few indica' ions arc suflicient to show that tVit recognised 
laws of physics are perfectly sufficient for the explanElirjn of ibe 
ri-»orpli4Jii uf sugar in die intestine, ami iTiat wt^ are nut juHtilied^ 
Croiii the fucCa in our posscasiooj in referring irite^tinal abaorption 
to apecial vitnl forces. Ueccc von Beckcr'r^ peracvcrin^ laboura 
have iifh'Qnced us a further step in the knowledge of the physical 
pheimmena in animal life. 

Before we proceed to consider the relations of the fat conveyed 
from without into the intestine in thi; process of digestion, wc inuat 
bficfiy dirct'l attention io certain carbo-hydrates and non-nitroge- 
nous bodies nhieh have not yet lieen mentioned. To begin with 
cam^rngar^ Frericha maintains, in op]io^ition to Botichanhit. and 
SaodraH, that this sugar is not converted into any other form 
of ai]gv[asi for instaiicOf glucose), cither by the saliva or the gastric 
joiee. My own ohserrationB do not lead me to accord with 
Prerichi* view. It was only recently that I foor^d in I'epcftled 
txpcrimcnt*, tJjitfifter rabbits had been fed witb bee l-root, glucose 
wju* invariably present in the stomach and duodcnunif wliile cane- 
sugar waa never found \ even when large quantities of caiic-sugar 
were di*solrcd in warer and injected into the stomachs of rabbiis, 
glucose nas llic oidy hind of sugar that (.'ould be found an Jiour 
iJterwards in the stomach and in the nholo of the small intestine. 
Perfectly similar results have likewise been obtained by von 
Becker in tlie numerous experiments which he iostituted on this 
subject ; it was only rareij that he could trace cane-sugar so far as 
to the middle of the jejunum, even in those cases in which large 
quantities of this substance had been introduced into the stomachs 
of aninials (cMs and rabbits). Since neither the saliva nor the 
gasirie juice is able to eilect a r^ipid conversion of cAne-sugar into 
grape-sugar (or glucose), it only rt^rnains for us to a^ume with 
von Bi"ckcr, than this transformation of canc-sogar into glucose is 
produced by the action of the substances h\ a state of change which 
tLTB always present in the intestine. 

Sugar t/ milk appears, U>tb from my own experiments nnd 
from those of von Becker, to comport itself in the intestinal canal 
iTi precisely the same manner as glucose \ it distributes itself very 
rapidly throu&^hout the whole of the small intestine, and in al>out 
jLo hilur after it Ims been swullowtd may be imced as far as the 
(Utocum i but like glucoic and cfinc-augar, it occasions an intensely 

US 
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acid reaction in tlie jojunum and ileum, vbich remains for three or 
four lioura after the injection of the sugar. 

Vegetable muat* (fiaitorin) was made the subject of sevenl 
experiments by French*,* who found that during the process of 
digestion, at all events the greater part of it was not altered, and 
reappeared unchanged with the excrements. [Guro trag&canth,in 
which bassorin exists abundantly, was the substance actuallj 
experimented upon by Frerichs. — g. b. d,] 

Like Blondlot, Frerichs convinced himself that vegetable jelly 
(pectitij and its derivatives] is totally unaffected by the digestive 
fluids. 

No group of nutrient matters has presented so many difficultia 
to pbysiologifits as that of thcfats, and even in the present day ve 
must not flatter ourselves that we perfectly underBtand the process 
of their digestion. 

We ahallf in the first place, notice the successive changes which 
may he perceived to take place in the fat in its passage from the 
mouth downwards in the different parts of the intestinal tract. We 
couUl scarcely Expect to observe any changes in the fat while in the 
month and in the stomach ; for we have already seen that both the 
saliva and the gastric juice are devoid of any influence either of t 
mechanical or ehemicnl nature upon it ; and in point of fact, ire 
find on examining the contents of the stomach after the use of fat 
(whether it has been taken alone or in conjunction with other sub- 
stances), that the fat itself has not undergone the slightest change. 
Every pliysiologist^ moreover, coincides in this point, that the 
digestion of fat commences in the duodenum. 

In the duodenum, and still more in its further course along 
the small intestine, we And that the fat ceases to appear in large 
drops or semifluid masses; the further we descend in the small 
intestine, so much the smaller do we find these drops becoming, 
till at length the fat appears very finely comminuted, and the 
cbyme presents an emulsive appearance. Since we see the lacteals 
distended with white (fatty) chyle after the use of fatty food, it is 
obvious that the principal course by which the fat makes its way 
into the blood is through the lymphatics of the intestinal walls- 
If, however, we follow this fat, which is easily recognisable with 
the microscope, in its course from the cavity of the intestine to the 
finest branches of the lacteals in the villi, we find that notwith- 
standing repeated rinsings with water, fat-globules maybe per- 
ceived at intervals on and between tbem, which, however, only 

■ llimdw&rlprbuch det Physiolog]«. Dd. 3, Abt. 1, 6. 907- 
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nilftcre extprually to llie t^pithelium (if the inieslinnl munuis mem- 
brane. Tlie occurrence of these external globulea on the epithelium 
is a perfectly iifttural phenomenon, and there is no clifficuUf in dis- 
tinguishing them from fat-globulcs within the epitheUum and from 
other cells. Now if we consider the epithelial cells tliemaelvcH, 
whether they are still adherent to the villi, or have peeled off in large 
thitoblc-like shreds, \vc very frequently find fnt-glohules in tlicm, 
wliichj however, are not to he ohserved^or are few ir number, after 
tbe use of food free fnwn fat. During digestion the cylinder epithe- 
lium i& often Houiesvliat cUiitoTttd in form, and presents a disLended 
appearance; the broad mar<;in of the base of the conical cyUndcr 
epithelium is raised up into an estremely thin and hynUne, strongly 
con vcKj or perfectly hemispherical cover. Below the epithelium 
we pf rreivc the lacteals commencing in small cluh-hke dilatations, 
and surrounded by a layer of vesicular or cellular bodies, which 
appear as if they were imbedded in an undefined {ihroua masSf the 
true parenchyma of the villi J more externally, near the peripheral 
investment of the villi with cylinder epitlLeliLim^ there are not only 
the contractile dbre-cella which ^ere first seen hy Briicke, but aUo 
the small tmnka of the blood-vessels which commumcatc with one 
another by a very fine network of capillaries- According to 
E, H, Weber,* there is, however, a layer of roundish cells, in addi- 
tion to the blood'Vessels and lacteals, between the epithelium and 
the true parenchyma of the villi ; in the fasting state these ccUa 
present a collapeed appearance, but during digestion they become 
filled and much distended- It is, moreover, worthy of remark, that 
very oi'iea (hut not always) some few of these vesicles aie filled 
inth a dark granular matter, while the great majority, amongst 
which they are interspersed, are distended with a light fluid exactly 
fesemhling oily fat; we very often see a large vehicle (dark in 
transmitted, but white in incident light), and by its side another 
vesicleequally distended with a strongly refracting fluid; in addition 
to the very distended cells of theae two kinds, which arc for the 
trioat part situated on the apices of the villi, we alwavs remark 
gradual transitions to minute granules, some of which are light 
and others dark, aa far as the immediate neighbourhood of the 
6nest n»raifieation» of the lacteals in the villi, Fonke has giveri 
accurate deliutfatious of Weber's preparations, in his Atla* 
(P. 8, F. 1, 2, and 3). While Weber regards these light and dark 
vesiclea as a layer of true cells between the epithelium and the 
parenebyiuii of the villus, and is consequently of opinion that the 
• MiUWfl Arch. \tU7. E W\3. 
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epilholium cannnt be rpgnnW ns in a nnrinnl m?iflil»m uirhoiil 
tills layer of germs, otlicf invc^tigntors, and especially Kolliktr*' 
Didder and Schmidt,t i^nd French*,! look upon these vesicles, u 
wet] a» the brenchin;^ iacteaU of the rtlti, ordy as ma&Kcs in61tnital 
into the Jtpongy parenebyma, arid consider that tbene vcsicln, 
whether filled with tefruoting or granular mallf-rs, possess no Ijiie 
walls, Bruch^ adopts tlua view jn a mtmoir wliich he has vtrv 
recently piibli^hedj and shows that in all probability the branc 
ins^ lacteals running towards the margins of the villi are merel' 
hlood-ve^isels, which are able to reaorh fat during the procett 
digestion equally well witli the lymphatics. 

As there has hitherto been much uncertainty re.c;ftr:1ing 
morphologico -objective fat^l* connected with the resorption of 
to nlsj hB» there been mueh obscnrity and rontroversy in the 
views that have been brought forward regarding the mechanical 
processeB bv which the transition of the fat from the intestine into 
the lactoalfi and blood -veaseU is effected; and the reason of this 
will be readily understood when we tiike the following points into 
can side ration. The animtd body is cver)^-heie permeated by 
atjucous iluid ; the fata are, however, absolutely insoluble in wat 
and aqueous solutions ; hence they cannot undergo diflusion in U 
ordinary sense of the word, and the irreai*;tible evidence of daily 
e&pcricjice den^onstratca that oily fluids cannut pcitctiale Ihrough 
membranes moistened with water. Viewing the case chemically, 
we may say, that tlie fats are, in & ccrtdn sense, somewhat eaailyS 
decomposable; but independently of the circnmslancethat strongef 
reagenls are iietressnry for this deconiposition thait we are accus- 
tomed to Bnd in the intestine, a closer investigation shows us 
that the fat found in the lacte^ls ia in precisely the same condition 
Eia that which is contained In tlie chyme, and, consequently, that 
the assumption thiit the fat is (lecoTiiposcd during its res^orplion 
through the lacteuls is inadmisaihle. Wc arc led, therefore, to the 
viewj that certain fipccial cells in coehof the villi are solely devoted 
tothe Jilisorption of fat ; the apiwaranceof sume tr^msparent vesicles 
filled with fat, and of other opaque ones distended with granular 
matter, seeming to confirm this view. The cbeuiist who is in thofl 
hahit of scptkratiik^ the fats from aqueous ilui^s, sometimes by a 
filter saturated with water, and aonietimes hj one saturated with oU, 
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will probably regard this mo<]e of cxjilanatlon as satisfoctory, 
TbuBj indceJ, tUe aljsorption of fat in certain superficial parts of lljo 
villi rnuld be explained j bat not llie admixture of fat in tbcir 
interior, since the fat in the minutest branches uf tlie lueteals is seen 
to be ifi a atatc of extreme comminution, and is mixed with 
an dbuminous fluid. Although the admixture of fat witli an 
aqueous flaid is regarded as imposaible upon the surface, yet its 
pOHHibility is here being asEuaied where we can nc longer make 
direct obs^rvfttionsj All the former attempts to explain the diges- 
tion find resorption of fat are open to tlic same obji^ctions, since, as 
W€ Lave already mentioned (in tol. ii, pp, 102 and 115), the pro- 
|>erLy of foninng eoiLtUJoBii^ with oily fat, and^conaeijuently, of pro- 
moting the resorption of tljiit subAtance, has been ascrihed by some 
physiologist* to tlie bile, and by otbcra to the pincreatic juice, 
although we know timt the fatly particles of an emulsion very 
imperfectly, or scarcely at all, penetrate through a moist filter or 
a moibt membrane. It is, however, impossible to deny thut tlte 
ctnulaivc coiiditi;)n of the fat eascntialiy facilitate:^ ita resorption j 
the bile may, at all events m nASoeiatioti with the pancreatic juico 
and with the co-operation of the intestinal movements, reduce tlie 
fut tua state uf enmhion, tliut is to say, diffuse iL irj nilnatcparticlea 
Uirough the watery fluid ; but tliis in no dtgree serves to explain 
the mechanical process of resorption. Since Bidder and Schmidt 
first proved by their experiments that bile was unquestionably 
neci?Bftary for the digestion of fat (see note to p. 105 of vol-ii, in the 
Appendix), Ton Wiatnighausen* has sueeeeded, under their direc- 
tions, in diacovenng tiie phyuieaL conditions under which the 
resorption of fat occurs. He has ascertained that oil cani^ut be 
made to penetrate through animal nicmbrmies without considerable 
pressure, ])ut thut tt may be forced through with comparative 
facility whtn the membrane is solunitcd with a fluid which adheres 
to, ur haaan a^nity for oil. When the membrane was moistened 
with a solution of [lotasb, an abtindarice of s^poniJied oil appeared 
on this side of the membrane in the course of 10 hours, under the 
pressure of a colomn of mercury of from 1'75 to 3'37 millemet/ca 
[or from *06t* to "t^fl of an inch], and associated with it was free 
fat tfhich bad beeji mechanically borne along hy the soap. When 
a mixture of equal parts of potash- ley and albumen wa» employed, 
tbc oil passed througli the memhranc even wicliout ]>re3surc, 
ultbough in VL;ry snmll <[Uuntity, vhilc in this case aiso a soap waa 
formed. The oil, boftever, p^LS^ed through aiiiinal nicmbranus, 
■ l>ia« uiuug. Durjt- L^vud- IGal. 
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vithout Iveing Mponllicil wtien tliey \rcTc tiHiunAcd wilh sucli fluids 
lib a solulior i>f soap cr liiie. 

Even if these experinicrits canuiit bt; eon&itlcred oa having 
entirely elucidated all the punditiona affecting atibtsion, t!i«?y jiIm« 
it {fcyond a doubt ttiat the prewnce of bile is essentially net:c»&uy 
for thr resoqitioii of fat, since this fluid rcndt-rstlirec delicate mc 
hniTkCS perrueable liy the fal. It is^ lioiverer, obvioutt, tbal if 
membr&ne or cell-wall l>e once Bamrated with a bllio-olea^noui 
Huid, it will the more re&dily [icrmit ibc ]>H:>sage of Diore fat, aud 
ciiiiscqucntly, that the inequality in the 61iin^ of tbe individual^ 
vesicles cither with fat or with a granular aqueous fluid odmita of ^M 
very ready et])lAnaiion, These differences may, however, manifc*^^ 
themselves mote in the outer portion tlian in the interior of tlie 
villi, alnce the pressure whicb at interrab ia exerted by tJic organic 
uiUHcles of the villi on the interior, obviously contributes very mue! 
as von WistinghausenU experiments abon-, to the Intiiuiite fldnd 
lure of the oil and the aqueoijs fluid, wbieh rnuM, tberefure, Uke 
place at the very commencing pointa of the loctcals* 

Jft aa we learn from Bidder and Schmidt's experiments, a amtll 
fraetioTi of the fat is tesorbed^ even without the co-operation of the 
bile, tliis is to a certain degree explaiited by the Hu1>j«e<}uent expo- 
rimenti of von Wi^tinghau^en, even if v^e are unable specially 
to indicfitc tbe exact prebaurc or the e^act aubatance whicb cflecta 
tbe transition of this «nial] quantity of fat. 

After the preceding remarks it is obvious that no further prwif 
IN required that the fat h principally teaorbcd by the lacteala. It 
must, however, be obvioua from Scbmidt^s and my own obaem- 
tions (vol. ill p. 247), ^bat the capillaries al^o take up fat, ulthouglfl 
in lesa conaiderable quantities; for the aiigmentation of fal irhiclff 
we observe in the iwrtul blood of animals a few hours after they 
have been fed, cannot with any probability be explained by such an 
a&Bumption aa that the carbo-^liydratea rcsorbcd by the inlesl'mul 
cnpillanca become converted intu fat in their passage from tlift 
intestinal cavity to the portal vein- The above-mentioned oltscr- 
vation of Bruch'a, who SAW fally cbyle-]iKc mas<(efi beside blood- 
corpuscles in tbe capillaries of the villi, seems (as th^rc doc» not 
apijcar to be any possibility of error in the ohsgrvntion) to afford 
the most distinct proof that tliere is a direct transmission of f&t 
into the blood of the capiliaries from the epithelial cells and Uic 
parenchyma of the villi. 

We now proceed to that -^roup of auhstonces which muBt 
undergo an esseniiol change in the intestinal canal before tlieyarc 
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[e^)&bk of beirg Ksorbed ^ totbu clan belonj; not only the mlbm- 

uKimmM mhsiatu^t^, but t\int llvir more nr less rettiate ik'nvaCtra, 

t&af^tr iii^Unce, njany gelati^notia Eubatanco, uid likrwiae a num* 

per of kfls-known tnotters, 03 »ytiapU»c anti diastase, Uic {Kibon of 

perpanli, curanne, he. Ilithefto attentioD ha^s oatonlly be«n for 

Rhe mmJ. p^rt dirtcteti to tlie beliaviunr of the alSiimtnous matlerv 

l^^igesUoR. We bare already, when treating oi the function of 

^Hgmstfic juice (in vol, ii, pp. 53-60}i considercil tJiU »abject 

imewhar in detail. We there >bou-ed that th« albuminous malten 

m not mef«!y di^tolv^d by the gastric juice, but are iikLi«i^ am* 

irertcul into matters which, although ^milar in their clmicntftry 

compOBitJon tu the subatanees from vrhicb they were Jehrcd^ jet 

differ essentially from them in tbeir physical, and in several of tlxir 

Bbemirat properties. We have proposed tlje term ptpttmft for tbe 

liboiDen, fibrin, casein, &c., after their metamorpboaiA by the 

juice, and we believe that it is these peptone* which urjdcrgo 

rption ill order to be again very soon converted in the lym- 

iliatic^ into tlie weil-knuwn cOA^ulable albuminous matters- We 

been further taught by the experiments of Bidder and 

idt, that the gastric juice which 1* accreted U far from being 

nfficient for tbe digestion of the proteii^-bodies necesaary for uutri- 

(•ee the notes to the section on " Gastric Juice," in tbe 

Appendix), and that the ijite^trnal juice po^seuea in a high d^rec 

tbe faculty of di^^olving the proteiti-hoJies, and thna preparing 

them for being reaurbed (roL ii, p, 120). This metamorpho&ia of 

tbe prolein-bodiea, and their subsequent resorption, should, ho w- 

rreTj be coiifideil solely to the smidl iiiteatiiie, which is tlie only 

put of the intestinal tract in which true villi occur ; for if we 

had no evidence from comparative anatomy that the eeecum and 

colon exerted only very little iufiuence on the digestion of the 

alhuminuteA In carnivorous animals, the direct ex|)enmentA which 

hare been recently instituted, partly by Stehihauaer and partly by 

mrtelft ahow that albumen and pieces of flesh when introduced 

into fistulous openings in the lower part of the jejunum, or into 

inarliticihl nnus, pass tjff almost entirely unchanged by the reelum 

iftc pote to " The Intestinal Juice/' in the Appendix). 

We shaU refer, under thiij fgurth group of digestive ohjccta, 
almost solely to the protein -bodies and their immediate dertvcitiveu; 
it iijjowever, not improbable that many other suhstatices which do 
Lot |HfS«ess the high phyeialo^ical value of the albuminates, may 
ytt comport themselves during digestion in a very similv manner, 
md we have already mentioned the gelatrgcnous tissues in con- 
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nexion witli tliis point. Punsilily also we shoulj place in 
category certain poLsoiks, whicti^ liko tlio protein -bodies c&nnot 1>C 
diroirtly resorbed by rhe blood-vesselsj but mist be first ao clmng 
by tbe gastric and in lestinnl juices, that aftex being absorbed by 
kcteal^ tliey posa u innoxicJua mcittcT^ Into tbe blood. DioKtasc 
ami emul^m arc ^ubiitanccs ^vbicli in many points of view are very 
duAclv allied to the pretein-bodieAjaltliough we cannot place them 
in thiH class. We know that emulsin undergoes the Raoiecb&t^ei 
dujing digestion a» tlic true protdu- bodies ^ for it hos becro hbo 
by the cxperinients of Magcndie and Bernard,* that pure am 
dnhn exerts no injurious elTects upr>n the health or the life 
animal*!, either when swallowed or when directJy introduced l 
the bloud ; if, howeverj emukln be simultaneouUy iiitroduetd i 
the stomach or into the bWd, dccompoaition is set up in 
amygdalhif nnd the prusEic acid which iH formed de>stroys the 
of tlie animal. I allowed rtibbii& to eat sweet almonds, and injeeted 
amygifalin into the jugulfir vein, 1, ?, 4, ard G liours after they Tikc] 
fed i the animals remained perfectly vigorouSi I then rercrse*! 
Ihc experiment, and injected emul^n into the vein, while I intn>- 
duct:d a solution of aniygdiilin into the stomach of the animal i 
symptoms of poisuniiig by priissli^ acid very soon presented them- 
selves. SJncCj however, Me cannot demonstrate in this manner 
that the emuUin has octuully been metamorphosed bythedi;^estirr 
fluidsjand has consequently lostits influence on the amyi^<Ialin,jinil 
fcinee it Is conceivable that einul^in, like gum, might be incapiUf 
of resorption, and passed ofT undianged with tlic excrements, 1 
collected the excrements of & rabbit which hntl been fed fur 4A 
hours on almonds, and mixed aniygdalin with tltem ; but I ooold 
detect no trace of any evolotion of prussic aeid ; indeed no d 
position of tlie amygdalin was induced even by tlie cscal ronte 
uP tlic same animal. 

A number of other botlics, which have certainly hcea 
aeeiirately investigatedf but whicfi coincide in their quantity 
nltro^en^ In their iTiMilubility in spirit^ nnd In tlicir solubility in 
water, comport them^lves in an analogous manner with emttbih 
Of all these substanees, curantie has probably been most accu 
examined, thanks to the bboura of Buussingault and Itouli 
This substflnccj when introduced into the stomaeb and int«sti 
does not induce the slightest niorhtd phenomenon, whilst if it 
COJivoycd into tlic blood, it causes the ahno^^t instuntaiic^jua d 

• Arch, gtji, dv Med. 4 Stir T. Ifi. p. 7U. 
t Aan, da Cluia, ol dc Vhya. T. 00, p. iU. 
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fif thv aiiimnl, without any premonitory symptoms; snci very 
NmiUrf both in n to\tcul4igii;iil hiul in a clieEnical poi[it of view, is 
the poison of the vijicr, as well as Ihoae poisons which &re prtK 
<1ucc(l during conUkgious di»cascfl| as hydrophobia, glanders, 
typhus, Sec. ; thin view is, at all events, sopporled by the recent 
eipenmecits of Reiiaultj* who convinced himself that both car- 
nivorous and oiDULVorous animals could, without any detriment, 
f«ed upon the flenb of animals which had been aflccted with theae 
diseases, nhile the juices of such tiesh or similar efHuvia, wlien 
introdtiL'fd direcrtly into the blood or into a woundj ocoasloii tbe 
most fatal effects, 

This peculiar behaviour of all thetie substAnccs proves that 
they cannot ije resorbed in an unchanged condition either by the 
capillaries or the lymphatics of the inte^jtinal canal. Since most 
of them caimot be again recoj^nised in tlic HoUd excrements, tbey 
Uiust undergo ao complete a change throU|:h tbe action of the 
digestive fiaids. that when they at length make their way into the 
blood, they can no longer exert their former poiaonous actions. 
Kven if wo cannot altogether agree with Beriiardt in hi« view tbtit 
animal membratics are absolutely impenetrable to these sub^tuncea 
(emulsin^diastaBCf cumrinc^and the poison of tbe vi[>cT) this mucli, 
St nil even tcf, is certain, that these substanccB, Uke all>iimen, exhibit 
very slight endi>!^motic force. Miaihe and Presi^alJ have, more- 
oven recently attempted to show that the fresh alhamen of the 
egg can only penetrate animal membranes when the latter hfLve 
attained a certain degree of putrefaction; but repeated ex|)eri- 
ments with various animal membranes (previuuily treated with 
nlcohol, and afterwards rin^ieii with wnter) have convinced me that 
they arc not perfectly impenetrable by albumen, emubin, and 
diastase. The only point which i& established beyond all doubt 
is, that all these suSstanees pass with difficulty tlirou^h animstl 
membranes, and that their dilfusibility is extremely smalL 
(Crnham found the diTuaibihty of sugar 6^ times as great, and 
that of chloride of sodium 11* times a^ great, aa that of albumen). 
I'l the preceding remarks we can see the reason why the protein- 
comjxiuada^ which are apparently ready to be applied at once to 
the purposes of nutrition, must first undergo a mctaaiorphosia 
through the influence of the digestive juices before they are re- 
sorbed. If it were not for the gflstric and intestinal juicea, soluble 

t L'UiU4iu luJJ. T, ^. ii]i. 445. 1^7, vt 4C1. 
t tXtrnpt ruad. I.^ld, pp. 4J>0-4:i4. 
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albumen and casein would be absorbed in Ear too small a <)iiantit|r 
from the iiitestinal canal to suffice for the tiutrition of the 
organ Mm. 

An observation made by Bidder and Schmidt,* although not 
very accurately carried out in all its details, may serve to gire 
further support to the above view. These experimentalists have 
repeatedly obsen'ed that the contents of the thorainc duct did not 
coagulate for several hours, and then <Mily imperfectlT, in dogs in 
which the pancreatic duct had been closed for a long time, whereu 
ordinaiily these contents become coagulated in a few secondi. 
Will not this result, If its connexion with the absence of the psit- 
ereatic juice in the intestine be confirmed by further investigations, 
sen'c to demonstrate that the pancreatic juice itself exerts an 
action on the metamorphosis of tlje peptones even after their 
resorption into the lacteaU, and that it probably contributes in 
some degree to the regeneration of certain albuminates from the 
peptones? At all events, this observation is in perfect accordance 
with the result of our experience, tliat the albumen-like bodies, as 
emulsin, diastase, &c., are not capable of resorption, as well u 
Mith the vicwj which we have boldly maintained, that the albo- 
minates in their unchanged condition are only resorbed in an 
extremely small quantity, the greater part of them being previousty 
converted into peptones. 

We are as little able to explain tlie reason why special vessels 
exist in the organism for the resorption of the digested protein^ 
bodies and their Jeriv.itivcs (that is to say, their peptones] as ta 
recognise the physical conditions which direct these substances, 
although not esclusively, yet chiefly, to the lacteala in preference 
to the blood -vessela. To speak candidly, we must confess that we 
have no definite idea of the mechanism of resorption through the 
IncteaU, All experiments made with the view of explaining the 
l>roocss of absorption by the lacteals, refer solely to the mechanism 
of the continuous ntotion of the fluids in them, but not to the tme 
process of absorption. After having formerly determined all the 
incidental or indirect means by which the motion of the chyle and 
of the lymph is effected — the special Vit a tergo which does not 
admit of a physical dehnitiun — we at length find Brudte'sf dis- 
covery of fibre-cells in the intestinal villi (a fact which has been 
confirmed by Koilikert), affording a sufBcient indication regarding 

• Op. cit. p. sao. 

t Ik-ri^-litv J. k. k. Akad. d. Wiss. eu XV'ica. 1851. 
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tii€ Pt^mvm mof^m of the motjons of the lymph. Since, more- 
ovpFj LauaucUie.* Gmbjr and Delafond,t aMd more recently 
Briicke ami Kolliktr, hnve witnessed obvlou* rontractioufi of tlie 
villi, we can hardly doubt that it U these contractions which com- 
municate the first impulse to the motion of the chyle in the 
minutest ramitications of the laeteala. But although the discovery 
of fibre'Cell^ in the villi hns revealed to ua the mode in which tJie 
commencing branches of the lymphntica arc emptied, we have ns 
yel made no advance towards the espknntlon of the manner in 
which these minutest lymphatic branches become filled. We have 
olresidy mentioned that tlie capillaries of the riUi preaeiit a closer 
resemblance than the lacteah to the Toot-fihrib of plants, irj so far 
fts nlwoqition is conccmed. In the lactcals there is nether any 
Huid which la so concentrated^ noi any substance whkh is ao 
»i3luble,BS to occHSton an aUmctionof theriuids from the intestine; 
ttnd indeed the apices of the lactcals do not even float in the in- 
testiuul fluida, which ma'st pass through several scries of cells and 
then come in eontflct with the minute capillaries, before they reach 
die true lacteal*. One might almost wonder that, considering how 
great the absorbing poiver (»f the blood "Vessels is, a;td that all the 
fluids mnsC pnss over them, so much important nutrient matter 
cnn tind its way into the lacteals. It would appear, therefore, aa 
if only those matt<?rs were tnken up by the lactenls which the 
bWd-vesuels can only abjiorb wi(h difficuUyt or not at all From 
these con BJ derations^ baaed on anatomical structure^ as well aa 
fr«m eertaiu experiments which showed thot many mombranca 
nre only ptrmeahte for certain substances (at^ for instance, caout- 
chouc frir spiritj and not for water, the bladder of the pig for water, 
and not Tor t.\imU &c.)f we have been led to Iwlieve, with Lotae.J 
thnl the coats of the blood-vessels *>n the one hand, and those of 
the Incieols on the other, have a specific action, and allow one 
aubjttflnee to pass tliroua;h them, hat not another. But even if we 
jis.'vume that there is such a specific ilinerence in the mend)ranes in 
question, wc yet obtain no explanation as to the special ngewt 
which forces the matters through iha walls of the lymphatics. 
The vsXh of the lacteaU present oppositior^ to the substarcea 
which are htflero'^encous Lo iheini but they ilo not on that account 
attract those by which they are permeable. The assumption of a 
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specilic permeability of the mcmbniTiea doos not, Uierefore, dcu 
uyt the nbsfurity m^orfling tlic absorption by the )&cteftU, 

We in&y not, perhaps, have sufficient grounds for the asnumfw 
tion of an altogether spceial (or specific) permeability of the 
different membranes; we may well suppose that diiTerences in 
their thickness, tension, and other purely niechantcal relations 
render the membmnes, wliich in a chemical point of riew sre 
analofrously constituted, more or less permeable for phyucally nnd 
ehemically differing substances, so that no individual membrane 
could be characterised as absolutely impermenble. Independently 
of the great similarity in the chemical constitution of these aninul 
membranes, those experiments on the resorbability of certain Bub< 
stances (poisons) through the blood-vessels or lymphatics, which 
fmvc given rise to so much literary discussion, are opposed to the 
absobitc Impermeability of a membrane for the passage of certain 
matters. Tikus, for instance, it appears to us that, eontnry to 
Ilenic and Uusch's* view, it has been tolerably well jiroved hj 
the numerous experiments of BLschoff,t Ludwig,]: and St&nnius,} 
that the lymphatics can absorb strychnine, and convey it into the 
blood, although far more slowly, and in smaller quantities, than 
the capillaries. Hence we also believe that the caution which ia 
so necessary in this part of our inquiries demands that, instead of 
assuming that a perfectly specific relation is sho^i'n by different 
inombranos towards iliffcrent solutions, we should admit nothing 
more than gradual differences iti this respect. On tliis account w« 
have not ventured to maintain that albumen and fat, for instance, 
are solely resorbed through the lymphatics, whilst salts and 
alkiiloirls nrc alone resorbed through the blood-vessels. We must 
not for^etf in endeavouring to furm some idea uf absorption from 
these experiments, that, on the one hand, we may probably Jdill 
be i:;iiorant of the physical laus by nhich those molecular motions 
arc to be explained, and that, on the other hand, we nnay not be 
sufficiently well acquainted with the course of those plienoraent 
which manifest themselves in the villi and in their elements durinj 
afjaoqition, Tlie comprehension of these phenomena is so ei- 
trcmely difficult, that even the best observers are not agreed in 
reference to many of them- It must be further borne in minJ 
that chemical as well as molecular movements arc here brought 

* ZcitHhr. f. TUt. Mod. BiL 4, B- 3G8-374. 
f Hud. Vol &, |i, 293. 
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qu&ntity of Wfttcr iii tlie secretions increhsedj but thfit there Is 
often a simultftucous qu ^mentation of tlicir solid constituents, 
vbicli are separal*?'d with tliem from Uie blood. The efTete raatters 
undoulilpdly often pass through ihis rour^e more than once; thus 
we frequently see iodide of poUaaium paw into the stdiva {as wit- 
nessed by niyselOj fcrrocj'anidc of potassium irto tbc gastric juice 
(Bernfird)j arsenic, leadj and copper into the bile {Meurer and 
otbers], and iron intn the intcstinnl juice (Buchheim), all of whicb 
oftert remain a very long time in the organiam before they arc 
returned to the external world through the special orgnna of 
excretion. The elucidation of the al>ove relations ia perhaps one 
*jf the most important among tbe Jiumeroiis inleresling coiitri- 
butiona to science which have resulted from the Jnvestigattojia of 
Bidder and Schniidtj who have couductcd these inquiries with 
equal inielligence and perseverance. We shall revert to liiia sub- 
ject under the head of "Nutrition," when we shall have to con- 
eider tlic intermediate metftmorphosis of matter — lliat process 
which to a certain dc-irce is effected in the living organistOi inde- 
pendently of absorption and excretion. 

inportant to physiolo^^ lus is the "knowlcd^ of tbe influ- 
ence cserled by the nen'ons systera on the molecular movements 
in the arimnl body, yet an inquiry of this nature, strictly speak- 
ing, B(?arcely belongs to the domain of physiological chemistry, 
Eeein^ that u~e are btill entirely ignorant of the chemical phe- 
nomena which are associated with the function of the ncrvca- 
Sinee, however, in the establishment of theoriea regarding animal 
Tnetamorphosis, the existence of the rervea and their influence on 
the individual factors of thi^ process bave been almost entirely 
ignored frona a chemical point of view, it might not fae wholly out 
of place were we here to observe, that the more recent phywo- 
logical invesrigalions have established beyond all doubt the direct 
dependence of certain secretions upun definite parts of the nervoua 
system. 

We have already frequently had occasion to refer to Lndwig'** 
important investigations in relation to the secretion of the saliva, 
It appears from these observations^ tlial there is not the slightest 
amount of saUva secreted independently of the influence of tlie 
nOTves, and that the accretion is not effected indirectly by nervous 
eKpitation, ihat u to say, through the agency of contriictile prirfs 
or by increased pressure of the blood-vessels, but directly through 
the special inSucncc of the nerves^ 
, * Op, cit aad ZeitHhr. f. rat. \UA. N, R Dd, 1, S. 900-977- 
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The direct influence of the facial nerve upon the secretion of 
the parotid gl&nd, the indirect action of the tliurd bi^nch of tlie 
fifth pair (by inducing the movementa of masti cation) » and the 
rcilex action through the glosso-pliaryngeal nerve, have been 
investigated in rabbits by Rahn,* under the direction of Ludwig, 
with all the acuteness of experimental criticisnii 

Ludwig's admirable investigations adbrd some grounds for the 
beliefj that all those secretions which only appear at certain times 
or in consequence of definite excitants, as for instance those of the 
gastric juice and of the pancreatic fluid, are only produced under 
the action of certain groups of nerves. The correctneas of this 
viewj in reference to tiie two last-named animal juices, seems to 
be confirmed by the observations recently repeuted by Bidder and 
Schmidtjt that the gastric juice is copiously effused into the 
stomachs of dogs when flesh or any other attractive food ia placed 
before them while faating. But although we certainly cannot deny 
the influence of the nerves npon the Gecretion of the gastric juicCi 
we are entirely unable to determine upon which nerve this secre- 
tion depends. It has generally been referred to the pneumogas^ 
tries, and in recent times with more certainty, since Ed. Webcr^s^ 
admirable experiments (of which 1 was myself a witness) have 
proved beyond a doubt that these nerves exert a direct Influence on 
the contractions of the muscular coat of the stomach* The direct 
observations which have been made in reference to the secretion 
of the gastric juice after the division of both the pneumogastrios 
have, however, led to entirely opposite results. Whilst Amoldi 
Keidj§ Lcuret and Lassaigne, as well as Longet,|| following the 
views of Johi MiillerTF and Dieckhoff,** could not perceive any 
change in the character of the secreted gastric juice in consequence 
of the division of the pneumogastric nerve, Bouchardat and 
Sandrasjtt and subsequently to them Bernard^ and Frericbsj^ 
believed that they had convinced themselves that no acid gastric 

• Zeitschr. f. rat. Mod. N.F. BJ. 1, a 285-202, 
+ Op. cit» p. 35. 

X JIandwortorbiich der PhjBiobgie. Bd. 3^ Abt. 2, B, 41. 
i Ediu. Med. and Surg. Joum. Vol 51, p. 3J0. 
II Arch. g^n. doMi5cI. T. 15. p. 230, nnd Compt. red, T. TJ, p, 2Gfl. 
II Handb. d. riiysioL Bd. l» a 4fifl [or English Tran8Ll839, Vol. I, p, 59J.1 
** Be QcLionc^ quam ncrvus vj>giia in digoBlJonem cibaoim exerceatt Biv. 
iiiaiig. Bcrol 1830. 
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juice was any longer secreted after the intemi|>tin»i of continuity 
of the pneumo^stric nerves in the neck, and tliat tharc wfl» no 
longer any true digestion of tlie ralhumiiiates in tlie stomach 
(whtlst the digcatioTi in the aniflU inteatine continued its undis- 
turbed course after such operation.'H). In order more clearly to 
demonstrfite this circumstance. Bidder and Scbnndt* Instituted 
very careful eAperimcnta on Four d(>gs» in whirh fistulous (ipenings 
i rito the stomach had been made ; the result of thcac experimenta 
was, that the quantity and the composition of l!ie ;^astric juice, 
which w^as secreted after tlie course of the pnemnogasiric nerves had 
been interrupted, was precisely the same as in the norma) state. In 
two cases, however, the quantitr and the aci*Iity of fcl»c gastric juice 
were not inconsiderably diminished, but after such an operation 
hx the division of the pneumoTflsfric nerves, so many of the vital 
functions of the animal become involved, that this diminulion can 
only be regarded as an indirect effect of this action^ more especially 
as 111 bolli the other eases a more abundant and more acid pistric 
j(jice waa secreted than is even commonly observed in the normal 
Etiite. Independently of the fact that the proportion and character 
of the constituents, botb organic and inorganic, were entirely the 
same in the gastrte juice after division of these nerves as before 
ihe operation, the aliove-named observers convinced themselves 
lliat sucii gastric juice, botb witbin and external to the atoaiach, 
possesses precisely the same dipeslivc powers as the ordinary 
secretion. Are we, then, jc»li6edT from tliesft thoroughly esacl 
experiments, in entirely denying to the pneumogastrii: the 
function of pre^ding over the secretion of the gastric juice ? We 
believe not; for even the movements of the Rtomaeh, \rhoEe 
dependence on the pneumogastric has been quite decisively 
estnlilii^hed, fir^t by Weber, and subsequently by Reid, Bischafl',+' 
andVolkmarn, mav often he perceived ^vith scarcely any diminisbed 
intensity tftcr division of the pneumosastrica, A nerve vrhose 
fibres form eo abundant & net-vork around the stomach can, 
however, hardiv e\ert no influence either on iu movements or nn 
its secretion, especially when we recollect that Bidder and Schmidt 
have found that it ia in no way connected vith the sense of 
hcnger VolkmannJ has certainly been led, from anatomical con- 
siderations, to tbe opposite view, in Ids experiments on the 
influence of the pneumognatric on the movements of the stomach, 
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and there is this much in su]>port of hia views, that this n^r^c I 

the greater part of its oereHro-apinnl fibres witliin the cranjum 
in llje uppor jwrt of tli« nc<'k, niitl that its aympatlit'lic fibres 
ircreaae in proportion to its dbtarite helow the diapliragm ; heiicc 
the pneumogastrLc in the abdomen is oJtogether different from 
the pmiemogastric as it emerges From the rraiml cavity; 
pnemtiogitstric nerve in the nhdomen a>ntains lilires uhidi rann 
Ijc irritated from its ccrrical portion, and whose action on iLe 
movements of the stomach cannot therefore be interrupted 
dividing the nerve in Che neck. In reference to this point, 
same remarks sre equsilly Applicable Co the movements of the 
stomach and the secretion of the gastric juice. It is, however, 
clear that further cspcpimcnts, of an extremely difficult character, 
are requisite in order to decide the quoation on what nerve or 
groujj of nerves ihe secretion of tht^ gastric juice direcily depend: 
Wc must hope that the irtgenuitx of Ludwig may as hrillianl 
overcome thcac difficulties as those wliiL^h were presented to hii 
in the investigation of the salivary secretion. 

Having considere^l Che procerus of digealion in its moat diversi- 
fied conditionsj and noticed the relations between the object* to 
be digested, the digestive agents, and resorption, it only remains 
for ua to malse some observations in reference to the digcsli- 
biiiti/ uf those ohjerts which, in reference to the nutrition ad^^h 
regeneration of the Bnimal l>ody^ have been named ''compounJi^| 
ill contrast with the above-mentioned simple nutrient matters* 
There wss a time when, notwiihstandinnr the little that was kno^(^_ 
of the process nf digestion, the digestibility of different more ^H 
less compound nutrient matters was a favourite subject for wriletB' 
to expatiate upon- We shall scCj however, that the further wc 
advance in science, the more do we become distrustful of our own 
experience, and the more modest will be our pretensions. Whilst 
in former times the most decisive hypotheses or conjectures were 
nnhesilalingly adopted in the absence of all direct observations, 
and merely on the strength of certain traditions, which, with< 
having been tested, were derived in part from antiquity, the edii 
of tl^e fichools of the middle ages, or even from the mere biasi 
notions of the people; we at the present dny scarcely venture to 
give a decbive reply to the simplest and most ordinary questions 
regarding the digestibility of any nutrient sub-itance?, although we 
may be far removetl from that forced scepticism which has in part 
become the fashion in medicine. Yet what, pn>perly speakiM 
do we understnnd by the digestibility of a nutrient aub^|HH 
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^tmpISc mode of coaiprelienJing tills idea will 1>c to under- 
nd by tiic i^xpression the facility with which the nutrient fluids 
able to prepare the subatance for resorption, or the short- 
ess of llie time in whitli the substance in quitstion uiulergoea 
sorpliaQ, ihat b to say, the time at which it disappeara from tlic 
teatinal tract- Yet how did inquirers formerly endeavour to 
ecide the i^eadiness and rapidity of the metamoqihosis of nutrient 
tter?i ? The <1g termination of this question vms mostly limited 
thisj — that the digestibility of compound nutrient matters was 
Estimated by the subjccli^e feelings wbidi patienta or con- 
valescents experienced after having partaken of them. Even if 
Ive do not take iiklo account tlje innuLuerable deceptions whit^h 
inust neteaaarily he liable to occur, citlicr on the part of the auh- 
Bcct of the ejfperiment or of the person watching the result, an 
prganism whit^h is not in a state of health, and in which all the 
funetiotis are not perforntcd in a regular manner, cannot assuredly 
hflbrd a measure of the greater or less digestibility of a aabatancc ; 
for the power of a patient to bear one or ether article of food 
|nuet depend upon the nature of his malady- Thus, for instance> 
it 19 a priori obvious that one patient will find nu difRcuUy in 
bearing certain kinds of food, which may induce indisposition in 
Another individaaL ; and every physician who has made it a point at 
the bedside to attend to the effects of differ<^at nutrient. 5ubsr4knces, 
ss well as to observe the acliouH of niedici[jes, murit be famiUor 
ititb innumerable instances of this kind* Experiments of this 
nature arajmoreover^not practicable in the case of healthy persons, 
lince they are not conscious from any sensations within themselves 
iwhetber digestion is pracceding with slowness or rapidity. It ia 
(only in recent times, since we have begun to esperimentalise 
flcientificnlly, that attempts have been made to collect any definite 
jt>ositive factSj with the view of establishing the difierent digesti- 
jlnlily of even the roost ordinary articles of diet- Of this class of 
experiments, those of Gossc arc the best known ; be posscsscdf as 
^is occasionally the cascj the faculty of swallowing air, and of thus 
distending the stomach to such an extent as to induce vomiting; 
and he employed this peculiar power in order to bring up food 
h bad remained for different lengths of time vn his stomach, 
anzani* introduced perforated tubes or linen bags filled 
with different varieties of foodj through the cesophagas into the 
stombcba of cats, and observed in this way the time that elapsed 
before tlie various articles of food disappeared from the abovts 
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named receptacles. Beaumont* instituted a very extenaiTe seriea 
of expenmentSj regarding the digestibility of different kinds o£ 
food, on a man (Alexis St, Martin), in whom there was a very 
considerable persistent opening from without into the stomach, in 
consequence of a gun-shot wound. Although Beaumonfs inves- 
tigations have led to many brilliant results in relation to gastric 
d^estion generally, and have much facilitated the path for farther 
inquiries, they do not yield many certain results regarding the 
question we are now considering. In the first place, all these 
experiments have reference solely to the time during which the 
food remans in the stomachy although we know that v^^tahle 
matters undergo their principal changes in the small intestine, and 
that a great part even of animal food leaves the stomach in an 
undigested state, and Is only thoroughly digested by the intestinal 
mucus. These experiments would, however^ have been of higher 
scientific interest, if only the time during which the food remained 
undigested could have been accurately determined ; Beaumont 
hasj however, generally (and Goase always) regarded the gastric 
digestion as ended when the food in the stomach had been con- 
verted into an uniform pulp {chyme). But even this very uncer- 
tain determination would liave its own peculiar value, if the 
experiments both of Gosse and Beaumont were not wanting in 
two essential points. They used very complicated, variously pre- 
pared, and for the most part half vegetable and half animal food, 
in their experiments (thus, for instance, Beaumont generally gave 
bread and vegetables with meat] y and it is at once obvious that 
such a method is totally un6t for determining the digestibility of 
individual articles of diet; since Beaumont neither employed 
chemical means nor the microscope for the minute investigation 
of the matters that were presumed to be digested, he was naturally 
unable to decide which constituents of the food were dissolved, 
which were partially digested, and which were altogether un- 
afiectcd. Independently of certain other circumstances which 
should be taken into consideration, it is obvious that only a 
moderately satisfactory conclusion could have been drawn from 
Beaumont's experiments if he had employed the simpler articles of 
food,as albuminates, flesh, meal, bread, &c. His conclusions, even 
in that case, would less have had reference to the digestibility of 
individual substances, than to the time in which they are retained 
in the stomach. The retention of the food in the stomach la, how- 

* Exporimenta and obficrva^oaG on the CroBtHc Juice anil the Phfaalogy irf 
IHgCBtioD. BoaUin, ltf34. 
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cirer,cxiraofdiiianJj-dilTi^reijt even furuni; tiiul U»? same suliatJinee, 
tat, for instnnce, flesh, without our often bdug able to discoi-er tlio 
cause of the difference ; tl*ia being a point which dcily obsf^rrations 
on doi^ with gastric fistula? have plac^cd beyond a doubt- It rery 
mucli seeiiia ta depend on the quantity of the food taken at once ; 
if, for instance, we eJIow a do^ to sft'iillaw n large qunntity of fleshy 
frogmenta may be still found in its slomncli after six, ci^ht, and 
even ten hours, while sm^LlIer quantities oft^n dlAnppear after leas 
tJiaii two hours. And a further reason wliy the results of Beau- 
mont's obacrvntiona cunnct be specially applied to physiology or 
OT«i> to dietetics, depends upon tlie circunistanee timt he hoa 
tidier iTOl at all or very JNacciirately de>ti]ribed the quantity of the 
food timt was tukcn ; and ujion tbia circumstance mny jKirtly 
de^icnd the great diilerenced which arc oltcn observed in bb 
obeervEitions, when made under apparenUy simiLir conditions. 

There arc still to be mentioned the experiments instituted by 
C- G. Sdiulti,* who at a eerlam time after feedin;' do"s and cats 
with different kinds of food, killed them and examined the con- 
tents of their atoninchs. These nitomptSj from the method by 
irhich tliey were carried cut, woutd deserve great confidence if their 
rcaulta did not diiTcr in so rennirkabte a manner frojn those 
obtained by Beaumont and others, that we arc almost compelled 
lo presume Ihai there must have been some eascntiHl errors in 
ihew. The same h the case with tlie observations which IJille- 
mand instituted on mt-n n"ith gaatric fistulte. Blondlot who first 
introduced into physiology tlio operation of artificial ^^oGtriu 
gfttula was so far from being able to attain to definite results, 
notwithstanding that his obEer\ations w^crc nnide under far more 
favourable conditions, that lie was led to express the view that the 
di^fctibility of different articles of diet dqicndcd solely on the state 
of the stomach at the time of the eiperiraenl, and that it is pure 
wEiate of time to hd^our ai the determination cf llie dtgestibtlitj' of 
individual articles of food. 

These fes^ instances are sufficient to indicate that moderately 
accurate determinations of the digestibility of varieties of animal 
food are involved in extraordinary difl]i?ulties even in relation lo 
gastric dification alone, At the present time we possess few cxpe- . 
rimetiU which can afford a fixed point of departure for the deter- 
mination of the digeKiihility of dilTerent kinds of food, 

My pCTioimi experiments, which have reference partly to dogs, 

* I>o alijni?DU}rmii coaoocdone experiiaaata novai T3tin}l. 1034. 
t Tiiditi lie k Jijicaiigii, jn. :JS3'40D, 
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wliich aficalooftheitslatiredigGstibilityof different &rticl«s of food 
might be made out. And even if all tKe conditions wen aimiUr, 
a doubt would alvays remain aa to the preciae moment at wbich 
gastric digestion nii^^'lit be said to terminate. There can be no 
definite rule regarding the beginning of digestion, for ^e solTcnt 
l^roceas commences as soon as the gastric juice comes in contact 
with the object to be digested ; if, for instance, we allow albumen 
which has been previously carefully rinsed with acetic acid to 
remain only five minutes in the stomach, a careful weighing nill 
generally {although not always) indicate a loss, which in this case 
can only depend on actually digested albumen; a portion is, there- 
fore digested in the course of five minutes, or, at all events, a 
quarter of an hour, which shows that albumen obviously may be 
iligesteJ in so short a tirae. We find, however, that when coagu- 
lated albumen is introduced in considerable quantity into the 
ston^ach, ren^ains of it may sometimes lie detected in that organ, 
even after five hours ; as we cannot regard the commencement of 
the process as ntTording a measure of the digestibility, the termioa- 
tions niav prubnbly serve this purpose* But even the end cannot 
he always accurately determined -, for while one part of the albu- 
minous hotly commonly leaves the stomach in an undigested state, 
another often remains for a loEig time in tlie stomach, in conse- 
quence of the digesting force of that organ Ijccoming- gradually 
weakened, and its glands secreting less juice after it hsis been for 
some time in a state of functional activity — a circumstance which 
more than any other, is dependent on the individual constitution. 
In many animals, however, the stomach ts never altogetlier emptv, 
as for insUnce, in the rabbit- Even when these animals perish 
from hunger, the remains of their last meal may still be found In 
the stoniach. Although this is not the case with the camivora and 
unmivora, it shows that the termination of gastric digestion and 
the emptying of the stomach cannot furnish any appropriate 
standard for the dtleroii nation of the digestibility of a substance. 
It might ]ierhaps appear superfluous to devote so much space to 
the consideration of a subject which is so simple of compre- 
licnsiou, l)ut we must bear in mind these relations and the general 
vagueness of the idea in tjucstion, before w^e can even attempt 
lo construct any scale of the digestibility of the simple and com- 
pound nvlielcs of food, which could be of use for purely prac- 
tical purposes. C. Schmidt has never found all the albumen 
dissolved in the stomach, and after it had remained for stx hours 
inclosed in nm^hn hags, he constantly found tliathalf of it was still 
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tindmoUed'i Mmilarly small quniilities of albunicn, wlicn iatrc- 
duced into An empty shjciaoh vrithout being enclosed, never re- 
m^iMed Qs long US six hours in that organ, but passed for the most 
part ill an uiichanged state into the intestiue. BeouiiKjnt asauuies 
from his observations, that th« average 'period of digestion for 
liard-boiled eg^s \s about 1| hours, 

Fri^richs lias already shown hy erperinieTits on living animals, 
tJjat hoiUd jif/rtH is dissolvod .in the stouiarh far more slowly than 
the uaboiicd matcriftl ; vq orrivc ol the same result when Ijoth 
kinds of fibrin are treated externally to the organism with natural 
or nrtificial gastric juice* 

U is a well-known fact, to which we hare already fr^uently 
referred, that soluble cnsfinf as il exists in milk, ia very rapidly 
coagulated l>y the gastrio juice, and then only very gradually redis- 
solved or digested; casein must, tlierefore, he Llie mostirtdigostible 
©f die unboiled^' protein-substances ; a difference is, however, even 
hero observable, according to the more porous or dense condition 
of the coagulnmj for, as we have already remarked at vol. ii, p. 53, 
the more gclatlnonsly cojigulriting caseiiL of women's ndlk is, 
according to ElsiUser, much more rapidly digested than that of 
cows^ milk, Vp-lnch forms in the stomoch a compact lumpj generally 
coagulated info a single ball. Freriehs found that clots of casein 
disappeared from the stomachs of cats and dogs in about Sj hours. 
Beaumont, according to bis observationa, ^xes a period of 
2 hours for the digestion of milk. Gosse classes millc amongst 
the most easily digested articles of food, whioli Include, according 
to bim, subatQiicca which are converted into chyme within 1 hour 
or U hour. 

Gelatin belongs to those substances ^hich are most readily 
liquefied in the stomach j in Beaumont's experiments nil the gela- 
tmous chnracterof t1iis substance di^iappeared after it had remained 
for 20 minutes in the stomach ; at the close of an hour no trace 
Oiiuld be found in the stomach of 130 grammes of jelly which had 
been tJiken> The digestibility of Ihe //eltilr^eiwrss tijijrue^ depends, 
however, entirely upon their aggregtite condition, and is very con- 
aidenibly facilitated by their being prCTioualy boiled. FrerJclis sjlw 
the connective and fatty tissues (when inclosed in a thin intisUn 
bag) perfectly dissolved in the stomach of a dog in GO or 90 mi-* 
nutea After its introduction. It is obvious that tendons and carti- 
lage, and those tissues generally which arc abundantly intersected 
with elastic fibres, helonj;; to the least easily digested class of sub- 
stanctH, for we often find these parts only slightly alteredj even in 
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Uie excrements of the caniiTon* Tme elastic tisroe ind clutic 
fibres completely resist the action oi tbc digestiTe flnidx. 

Chemically pure tynlofun appcan, &om Krenl experkoenti 
which I have made, to be very readilr digested, its digeatilnUtT 
being in fact greater than that of the blood-fibrin of the ox; 
when in a state of coa^ation, it is tolerably MmiUy ia tlus 
respect to coagulated albumen and cawn. Aitbough thii 
substance is perfectly identical in every kind of fieah, and also iii 
the smooth muscles (see page 6S), experience teaches oa that 
the digestibUity of the smooth and of the trmnsvcrscly striated 
muaclesj and even of the latter in different animals, is extremely 
different. When we consider the histological conformation of 
these tiTO kinds of muscle, we can readily comprehend why the 
flesh of oi^ana which consist of smooth muscles is iar more 
easily digested than the transversely striated muscles; we knoir 
that the smooth muscles are not provided with the same dense and 
insolu}>lej although thin investment {see p. 85) which encloses the 
primitive bundles (and consequently the syntonin) of the trans^ 
vcrscly striated muscle, but are for the most part surrounded only 
with loose connective tissue, which is eauly permeated and dis- 
solved by the digestive juices. Hence it was that Beaumont found 
tliat tripe disappears with such rapidity (in an hour) from the 
utoniach, and that oysters disappear at all events more quickly 
thiut l>ccf and other kinds of meat. The dlflerence in the 
digestibility uf the 6csh of different animals is probably for the 
most part dependent upon mechanical conditions, which are 
modified by the histological arrangement of the different 
elementary tissues. Thus the Hesh of young animals is more 
ciu»ily fligestcd than that of older animab, for [as we have seen 
at p. 8!> ) the primitive bundles of the former are far thinner 
tlitirt those of the latter, and on this account they present^ in 
n^latioii to their mass, a latter surface to the gastric juice than a 
Hi[nilur piece of meat of equal size, taken from an older animal. 
rrcricha found that tlie flesh of old animals required (for its 
(ligcsli<ni) an hour or an hour and a half longer than that of 
younger animals. Fish is probably not easily digested (by persons 
whose digestive powers are not strong) since when introduced into 
the stomach iu a state of fine comminution, and in contact with 
fluids, it forms an almost homogeneous mass, which can only be 
slowly acted upon by the digestive fluids from the surface inwards. 
Tliis is indeed, as Frericha has shown, more or less the case with 
every kind of flesh which is gradually acted upon from the surface. 
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for it U not till the connective tissiip lias heen ilUsoh-ed that tlit' 
gastric juice is able to act, through tlic openinga made in it, M\ion 
the sarcolemma and primitive l>unJlos (see V(»l. ii, p. 1'27). On 
tJiis account, true muscle does not actually belong to the class of 
iiasilv' clif e»ted substances* Frericha found in tlie stomach of a 
cot, four hoLirs after feeding, pieces of raw beef vhicli were only 
softened on the surfaces. When portions of flesh, inclosed in a 
fine mualin bag, were introduced through a fifttulous opening into 
the stomach of a dog, they did not thoroughly disappear until 
fiftcr an interval of from tivc to eight hours. 

It hA» generally been regarded as an estflblir»hed fact that ran* 
flesh is much inore difiicnlt of digestion than boiled or roast meal ; 
the difference is not, hovrever, very considerable, and it has Ijeen 
cstimctted by Frerichs at only half an hour. Nor need we wonder 
at this^ for the adrantage derived from the boiUng or roasting, by 
wtiich the connective tissue is loosened and the organic structure 
ia partly destroyed, is in part counteracted by ihe albumen of the 
m oscular juice as well aa the ayntonin being reduced to a stute of 
coagidation. The abovo-mentioned jelly-like swelling-up of the 
ayntonin in acid fluids mav, perhaps, in a great measure contribute 
towards the difficult digestibility of raw meat- 

We have formerly had occasion to obaerve, that after an oninial 
diet, muscular 61 ires^ although in various phases of metamorphosis, 
may be distinctly recognised along the whole course of ibe 
intestinal canal ; hence ne sec that the digestion of flesh is by no 
means completely eflectcd in the stomach, and that its most im^ 
pCTtant histologieal element, the true muscular fibre, in association. 
with the sarcolemma. resists for the hm^esl ))eriod the action of 
the digestive fluids ; indeed, during an abundant flesh diet, we find 
ft Urge number of muscular fbres, morphologically unchanged, in 
the escremcnts. Hence in the ca^e cf flesh we can form no con- 
clusion regarding its digestibility from the duration of its retention 
in the digestive organs. When dogs are fed solely with fleah, we 
Cnd that after (J or 8 hours tlic greatest part has usually disap- 
peared, although small portions often remain in the stomach for 
10 or 12, or even Ifi or 20 hours. In iheir obsen'aliona on a dog 
with a fistulous opening at about the middle of the small intestine. 
Bidder and Schmidt found that most substances escaped in 5 or 6 
hours after a meal ; and vcrv similar results were observed in a 
laan who was a patient in our hospitali and in whom there was 
Rii irlestinal fistula at the end of the ileum. We may therefore 
assume that in the nonnal state the stomadi is not engaged in the 
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(liSTstion of flesh for a mneh longer period than four or fire houn; 
and this VKw coincides tolenblr closely with the experiments 
made hy Beaumont. Tbua, for instance, lie found that boiled 
lamb disappeared from the stomach after 2^ hours, boiled beef 
after 2J hoursj roast beef after 3 hours, and broiled beef after 4 
lumrs ; on the otlier hand, roast pork di[I not disappear from the 
stomach for fti hourit, while broiled pork disappeared after 3^ 
hours. If we are able, in some cases, to adduce scientific expla^ 
natiniLs for certain practical dietetic rules which accord toleralilr 
well with Beaumont's observations, the far more considerable dif- 
ferences which present themselves in all results of this kind seem 
to invfiUdate such conclusions ; hence we do not venture to enter 
minulelv into the inHuencc which the diEferent modes of preparing 
tlio food, and the ditTerent species of animals, exert on the 
di*;csfilnlity of the flesh. We must, however, not altogetb^T omit 
to mention (what has so often )>cen prominentlr brought forward) 
that flesh whicli iias been kept lying in vinegar is rendered more 
dijrcstiblc, since, as every microscopist knows, the connective tissue 
and muscular libre arc thus rendered of looser texture ; and tliat 
smoked moat is gonernlly far more difficult of d!i;estion than un- 
smoked, since the pickle in which the meat was placed prpparatorv 
to the smoking not only extracts from the flesh a fluid containing 
(crtnin eiuiily digestible substances, but also renders the fibTe* 
themselves lianlcr and more insoluble. 

With regard to the /«/:*, it is tolerably well i^rccd that tbev 
rank amongst the most indigestible matters; physicians have, 
indeed, always exhibited an extraordinary aversion to permit the 
use of fatty foot! to any of their patients, allhona;h they see that 
many fiits, as, for instance, the fashionable, but generally rancid, 
cod-hver oil, is very easily digested. It may readily be conceived 
from its physical characters, as, for instance, its insolubility in 
water, and tlic resistance which it offers to the most powerful re- 
agents, that fat, as compared with the other simple nutrient 
Bid>stances, is only slowly absorbed; indeed, even to the most 
recent times, it has been di^cutt to form an idea of the mode in 
which fat undergoes resorption. It is sufficiently clear, from what 
has been previously stated, that the stomach is not the place 
where the fat is rcsorbcd, or even where it undergoes any essential 
changes ; hut when it is taken in lai^ quantity, either alone or 
with nthcr food, it usually remains for a long time in the stomach; 
thus Ileaumont found bcef-suet in St» Martin's stomach after 5\ 
lii>urs» It is uot only not digested in the stomach, but often exerts 
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an impeding action nn the di^eation of other substonres in that 
organ, sinc^e, on theotje liand^ it Hqiipfics in consequence of llie 
higli temperature, nnJ> encasing as it were the individual particle* 
of food| renders them proof ngiunst tlie digestive juices ; and sinco, 
on the other, it becomes rancid during its long retention at that 
temperature, and forms I'olatile aeids, which estert a very dele- 
terious, although not duly investigated, action on digestion* It 
oaust, therefore, be admitted that large quantities of fut nre pre- 
judieiaT to gastric digestionj although, strietly spe^kinp;, there is no 
ili^e^tion uf (at in ihc stomach. The digestion of fat does not 
commence, aa wc have already seen, until it readies the small 
intestine, and even llere it only takes place under eertain limita- 
tioTis. Wo have seen from the accordant evpcriraents of Bous- 
»ingriult on the one hand, and Bidiler and Schmidt on the other, 
that the animal organism can only take op a hniited quantity of 
fat in a pven time ? after animals wore fed upon very fut fleshy we 
find that there were ejected from the fistuhms opening in tha 
intestine (in Bidder and Schmidt's <:\perinients) grey masses 
wliicli contained an abundance of fat, while only very sbght 
remaina of muscular fifirea could be detected in them. Hence 
we can no more draw any inference from the retention of tlie fat 
in the stomach regarding the degree of its digestibility than frum 
its passage into the small intestine and the solid excrements. 
Small quantities of fat meet with the means requisite for tlieir 
digestion in the small intestine, and ere there very ra^ndly 
resorbed. If we can draw any conclusion from the distension of 
the intestinal vilh with fat, and the apiieamnce of white chyle in 
their laeteaUj we must regard the fat as very eney of digestion ; for 
in the course of from half an hour to an hour after fatty food or 
oU hftH been taken, we find in the upper purt of the jejunum ia 
dogs, eatsj and rabbits (as 1 have very often convinced myself), 
not merely the epithelium filled with fat-gloljules, hut also the 
Iscleala with glistening white chyle. We have, however, formerly 
ihewn (sec vol. i, p- 2651 that fat, when not mixed in too largo 
qimntity with the food» caacntJally promotes the digestion )>oth of 
the albuminous and the amylaceous substances. 

It has been already fully shown that most vegetable substances, 
like tht fats, do not under;;o gastric digestion ; we cannot, there- 
fore jud^ r^arding their digestibility from their longer or shorter 
retention in the atomach, in the same manner aa in the case of the 
albuminoiis matters- We have already expressed an opinioi], 
founded on our own ejtpcriraents, and differing from that of 
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Bidder and Schmidt, that ttarchj the principal nutrient matter 
contained in yegetahleSj is in part converted in the atonuch into 
augar, and even into lactic acid; thia metamorphoaia of starch 
within the stomach is, however, so far as we can conclude from 
our fornier experiments, solely dependent upon the quantity of the 
aaliva that is excreted; the greatest part of the starch is Snt 
metamorphosed in the intestine. We have already sufficiently 
alluded to the foct that the conversion of thia substance in the 
intestine takes place most rapidly when it is finely comminuted 
and thorouglily saturated with water (in short, when it is boiled)* 
If we confiue ourselies solely to the question of the digestibility 
of starch, we should regard it as in geneiid easy of digestion, 
althougli we very frequently meet with considerable quantities 
of it passing through the rectum of man and animals. This 
last-named fad is dependent partly on the circumstance of an 
excessive quantity of raw (unboiled) starch having been taken [for 
the saliva, pancreatic fluid, and intestinal juice are not secreted iti 
such quantities, and with such powers, as to metamorphose any 
amount of starch), and partly upon the fact that the starch is 
enclosed in vegetable cells, through which the digestive fluid can 
only ctkter hy enilosmosia. Hence the digestibility of vegetable 
depends chiefly on the nature of the cells in which the starch and 
the vegetable protein-bodies are inclosed; if the cells are still 
invested with epidermis, no portion of them is dissolved, since the 
epidermis of plants is completely proof against the digestive 
iluids. Boiling is so far useful in regard to vegetable food, that it 
thoroughly loosens the intercellular substance of the parenchy- 
matous cells, and hence allows the digestive juices to make their 
way more readily between the cells; moreover, the process of 
bulling causes the outermost layer surrounding the atarch-gnmulci 
to burst, and it is this layer which is the main impediment. In the 
case of raw starch, to the action of the digestive fluids. Since the 
protein -bodies occurring in plants exist in a state of the finest 
comminution, they offer far less opposition to the action of the 
digestive juices (when the tatter once come in contact with them) 
than the corresponding animal protein- bodies. Hence, moreover, 
it is easy to see why bread is comparatively so easy of digestioa 
We must, however, again recur to the fact that in the case of 
vegetables we are even far less able to draw any conclusion 
regarding their digestibility, from their longer or shorter retentioa 
ill the stomach, than in the case of animal food. The most 
important part of the digestion of vegetables assuredly takes place 
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in the BTnall intestine, nnd^ to a certain Jegrcc, also in the large 
inteftine^ for even if, in Qccordanco with the ohservntions of 
Bidder snd Schmidt, we regard the secretion of the inieatinal 
juice in the latter as iJiconsiderahlCj the enormous she of the 
GCBCUm in moat of the berbivoroua animals indicates that a very 
essential aL't in the process of digeelion must take place in this 
region. The chief diflicuUj in connexion with ihe digestion of 
TegetableSj tEierefore, does not lie in the stomach, and hence their 
retention in that organ cannot be atrictly considered a» a measure 
of their digealibihty ; and yet vegetables remain on on overage 
longer in the stomach tban animal food. Even after feeding an 
animaj with bread, we may find the greater part of it in the 
fttomach after a lapse of 3 liouraj and the quantity hardly per- 
ceptibly diminishes till cJtcr 4 houra (Frcrichs^* ^^^ rcniams of 
bread are commonly found in tbe stomachs of dogs after 5 or 6 
boura, and often even after 8 or 10 hours: potatoes and other 
vegetables remain in thla orgaji for a far longtr time ; Frerichs, as 
well as Bidder and Schmidt, ba%~c frequently fonnd the remains of 
vegetable substancea in the stomachs of dogs after the lapse of 22 
hours; and we have already mentioned that the stomach in many 
herbivorous animals is never completely empty. If we have thus 
Citahhabed the point that the disappearance of an article of food 
from the stomach affords no proof of its dit^catibility, the next 
question tliut suggests itself is in relation to the conditions under 
nhicli the stomJK:li either retains or impels into the small intestine 
the more or lesa digested matters — a question to whichf in the 
present stale of our knowledge, we can give no satisfactory 
answer, Tliis is one of the least important of the many problems 
whose solution nmst be left to future investigators, notwitb- 
Atanding the admirable and comprehensive labours of Frcrichs and 
of Bidder and Schmidt, We aro^ howcverj here forcibly reminded 
of the fact, that notwithstanding tl^e brilliant triamphs of science 
in tills direction, we have as vet only gained the outworks from 
which further advances must be made* 

As we have limited ourselves in the former pagca almost 
exclusively to the consideration of the principles which, in accord- 
aace with the present conilition of science, ought to guide us in 
our judi;ment of the digestibility of the different articles of food, 
some of our readers may miss the important aids and special 
indications they may here have hoped to discover in relation to 
jncdieal practice; for many physicians seem to entertain the idea 
that physiological chemiitlry must be able to decide all question* 

VOI-> III. y 
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of a practi«l l^ha^ftPte^, and n«unvtely to determine (ho ili^rtti- 
bility of every Jirttde of food, or at all evt^iits to furnish slmrplv- 
ilefined rnlta for tta cstimEition ; and sonic have even gon^ so f&r ji^ 
lo expect that this branch of our science ahould serve in cti 
respect &£ a guide for n system of dietetics* Bui even if 
nbysiologicnl preriiiaes wtTe sufficient for this purpose, and if 
our pijsitive farts were less ddicieiit than they are* we shoid 
consider a text-book of physiological chemistry as an innpproprin 
pinoo for a comprehensive exposition of the relations involved 
this department of science: purely scientific inquiry is boiiQdi 
by definite limits; the application to practical life of the facbt 
discovered by science must be left to the kindred but leas 
strictly sciontife branches of knowledge; all that is required for 
practical application must be supplied by the methods peculiar to 
the so-called practirnl sciences. Thus, for instance, there exists a 
large amount of material in reference lo the dige^stibllity of the 
different nutrient matters, which appertains esdusivcly to a 
medical inquirj'. For we do not concur with thoae who denounce 
a» unfounded every fact which has not been obfained by the exact 
methods of physical science, and who consequently often arbi- 
trarily cast aside many striking hypotheses which mar he ad- 
vanced by physicians in reference to dietetic conditions ; h^ from 
parltcipalirTg in siich views, we do justice to the fntits which 
practical experience is able to furnish, and we arc fully aware thst 
a physician may do a great deal by the bedside towards the Jntrio- 
duction of correct dietctioSj without our being able to refer his 
mode of practice to scientific grounds. Thus, for instance, we know 
that a number of substances, which present considerable analogy 
one another in a physical and chemical point of view, exhibJI 
cat differences in reference to their dii^estibility under certain 
morbid conditions; there are a number of still more mysterious 
phenomena known to every attentive physician, which, although 
they owe their recognition to no exact scientific method, are vcl 
as firmly established as if they were mathematical propositions. 
Yet the solution of these mysteries — the formation of compTe- 
hensive scales for the cakulatlon of the digestibilitv of different 
articles of food in accordance with their chemical nature or 
preparation — and tlie determination of the causes by which a 
substance which is in itself easy of digestion may become less 
digestible nnder different external or internal relations (for tlie 
simple digestibility of a substance must be disttrguiabed from the 
Tncility with which a patjent is able to digest it) — these arc 
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([uestiona wliicli h l)elirtves the physician try determine, ami wliit-h 
do not fall ^vitliiii the proviiire of physiolo^cai cliemiitry, TFjc 
latter scictice merely furniahcs the phyaicinn with llic fixed prin- 
ciples or sdcDlific means tjecossary for cimblmf; him to arrive at a 
more exact knowledge of carefully observed praciical facis on 
whirli ti* base a system of dietetics. Until the Bppeiiranee of 
Molcschott'a admirable work,*' most of the trcatlaes on dietetics 
consisted merely of individual physiological facts earelesBly eon* 
nected willi more or la?B well-grounded propositions; and while 
they were deficient in n logieally strict treatment of these different 
propoaiticns, they did not eveu give those minute obscrr^tions 
with which many of the older pnvctitio Tiers had enricbcd the theory 
of dietetics ^ ntit unfretjuently, indeed, we meet with an entire eon- 
ftmnding of the ideas of dii^^eatibility, nutritive power, and the 
facility with which different articles of food can be Ixirne- Sneh 
a proper elaboration of dietetics does not, hofl'ever, fall within the 
province of physiology, but belongs escluaively to the practical 
physician. 

We cannot 8.vald offering a few TeniarVs; on certain miacoti* 
ceptions which we occasionally meet with in reference to the 
value of physiolcgical chemistry, in relation to Pathology and 
Therapeutiea, Although we have endeavoured throughout the 
present work to draw attention to the defideni^ of our knowledge, 
to refer all views and assertions to ihcir true foundation, and to 
check A3 ^r aa possible the haste with which individual observa- 
tions or diseoveriea have been applied to practice^ we have been 
anslona to avoid those basly and uncbnnt[d)le judgments which 
we meet with from time to time both in literature and in medical 
practice- Physiolo^cal Chemistry has recently done more in 
destroying former illusions^ than in furnishing physicians with 
■lew materials f*iT further hypotheses. We may, indeed, instance 
insny discoveries in Physiological Cbetnifilry which have exerted 
a direct infivienco on medical practice, but the great number of 
deficiencies which atill exist in this respect, hold out a prospect of 
ample return to future labourers. It is not the province uf 
Physiological Chemistry, as a special department iif science and a 
branch of pbysiologj-, to guide the physician within narrow limits 
by which he mutt bound his own reflections and investii^ntions, 
and regulate his pnctice; for oar science presents too many 
(lenciencies witbin itn own domain to enter upon a foTcigii pro- 
vjitcOi nhotiD possession has already caused strife and jealousy. 
* Phjiiologie (L KKhFUDgitEiiUeh Darmaladt, IBGV. 
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otVicra. We need arrarcelv oliRrrve that tlie lUfcAam^at 
(Icpeikd upon tlic manner oiid the dcarcc in which Ujc botlies 
upon, immrly, tlic blcitid and the atmospheric uir, arc brought blv 
contact witli out? an other, and by nLich this interchange ia rc»^^ 
dcred piaaiblc and promoted. We abstain from giTiiig b syfttemiLliiB 
rxpo.nituiii itS tfic aikatninical relations and t[w entire ntechanism uf 
iTic reapinition, »ncc. in the 6rat place, wc must prcbocnc that oar 
readers Imre some lino^ledge of anatomy as well as oC pact 
I'bemi^Iry, and, in the seeond^ flint tbe following remark* irtll 
feufEin'e to afTiird scime idea of tlie&e mod idea tious in tbe quantiubit 
reaults of the respiratory proceasi which depend upon diScfcnoe* 
in the meehanical relations. 

In the first place, we ought to observe that no direct com- 
inutiicatioii txist^ betvkcen the fluids which undergo tliis routunl 
intorc^iangc, tor the clastic and duid atmosphere aiid tbe IJquitl 
blo(>d. are separated by an eiktremely dciieate moistoned membrane 
Although the intcrchan^ of the gaaes may be somewhat retarded 
by these membranes, nature ha^ compensated for these iraiieili- 
menta by giving an extraordinary degree of expanaioii to tlie 
surfaces of contact. The estremely delicate distribution of the 
blood- and air-vessels affords an immense extent of superticics in a 
small spaee, arid enables the processes to be widely diffoscd. The 
fluids, however, do not stagnate at thi^se surfaces (tlie membranoi) 
whieh establish eommunication between them, but both arc main- 
laioed by very difftrent physical means in continuous motion anil 
m coiLstanl interchange; and beiiee we have an additional condition 
which essentially facilitates this proceas. The heart, which, as 
is well known, sends forth tlie vessels of the lesser clrculatioJi into 
the Iun3;s, constantly propels new blood tfiruugh them, and ia un- 
doubtedly the most esaeiitittl agent in circulatingthe blood through 
ihese organs; for even though the mechanism of respir^iiiun 
may eiept some action on the movement of the blood in the 
Ungs, pathologists have gone too far in maintaining, as »emc 
have done, that reapiration is the sole cnase of the tnotioii of the 
blood. With regard to the motion of tbe air, on the other band, 
it must be observed ttiat the great increase ofaurface obtained in 
ft circumscribed space (by the minute division of the wr-vesselsl 
rendcra its interchange with the gases of the blood less cftsy; « 
may compare the spnce filled witli air within the thoracie cavity 
to a cone whose base U e:itremcly large in prcportion to lU 
height ; the base being constituted by the Eum of the surfaces of 
the pulmonary vesicles, whiUt we place the apex in the glottis; 
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the intercliange of air is tlierefore considerably impeded from the 
»i»rrow colibro cf the glottis being tlie only mcaiis by which air 
cfln enter into and be expelled from this wide, comcally-sliaped 
cavity. The Iiigh diffusibilitj' of the gasos certainly contrihule-a in 
fiome degree to counterbalance the eGect of this narrow opeulng, 
©nd induces no iiicunsider^bb interchrmge of air, botb within and 
exteniaily to this space j hut this motion woutd he quito insufficient 
ftw tJiB purposes of life (excepting in the case of die hybernating 
animnls). and hence special provisions exist for the expulsion of 
the contained air by a partial dinitnutton of this cavity and for 
the re-ad misii ion of now air by its re-eipansion, llie mechanism 
|jy which thiR object is effected depends partly upon the peculiar 
structure of tlie thorai and tlie position of the muscles which 
move it, and partly on the peculiar elasticity of the pulmonary 
tissue. We should, Uowever, form a very erroneous idea of the 
motion induced by this mechanism, were we to conceive that it 
was able to agitate the whole of the air contained wilbin ihc cavity 
of the chest. For even when the contraction is relatively con- 
siderable, only a small fraction of the air is expelled, and an 
efjually small proportion admitted by its e^cpansion; hence itia 
only in the wider air-canals that the air can lie absolutely changed, 
vhil&t in the narrower vessela there is only an undulating current 
of the stagnant air-column, induced by the contractility of the 
walls. The change therefore depends solely upon tixe different 
degrees of diffusibility of the gases. However simple this latter 
circutiiBtance may appear, Vierordt has the merit of being the first 
who experimentally illustrated these ]>hyEical relations. 

A careful consideration of the above-mentioned mechanical rela- 
tions shows bow pstensively this interchange of gases must be 
modified by slight alterations of the external condiliona. We 
must not, therefore, believe that the dilference in the characters of 
the blood and of the inspired air merely intiuences the final results 
of this interchange of gases» for it might rather Ire predicated aa a 
pliysical necessity, that if the blood were propelled more copionaly 
through the lungH^ and the air was more frequently changed in 
this conical space (the latter being more considerably diUted and 
contracleil), the results of the interchange would be di^eient 
from what tliey would be in the opposite case, A more careful 
istudy of the raechunltm of the respiration vrill not, however, alwaya 
enable u& to refer the modificudons which it presents to proximate 
causes, based upon chemical and mechanical couditions^ for theae 
Gonditiotia are themselves often dependent upon so-called phyMo- 
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logical relations, Trhase inSufiice upon tlie clk&rnctcr and motion ofl 
tiie I^Lood, the frequency of tbe raapiration, Ike., K&ve not yet been 
tufficiciidy inresn^ated. We are, therefore, compelled^ in endcM 
Vtiunng to deduce tike laws of thi?i interchange of gases, tci truJ 
the modklications to uliich they are U&ble, lo tiie remote as weU u 
Ibe proximtite causes from which they emanate. It is clear fn)iu 
the above remarks, that the proximate causes of those altcrtitirjii* 
«hi(?h ve meet with in the quantit&tive relations of the ptoducts 
lesplralion are solely based upon the ijrevailiiig pliystoJ 
chemical conditions; the more rewotc cauace, those, nameJr, of 
physiological diaracler, can only influence this interchange of gasd 
inasmuch rs they modify those essentially physical and cherniciLl 
relations. We cannot, therefcre, hope tu explain tJie io^ucnee 
cicrteil by any definite physiolopcal relation on the pToducU uf 
respiration, until we have more dearly established its connection 
vtth the physical and chemical fundamental conditions of respini'< 
tioo. For this rcaaou we ahall in our further considerations of 
the process of rcsijirntion, at once enter upon the influences wlilrii 
purely chemical and physieol rdations exert en the interchange at 
gases, in order thus lo elucidate the inflocnce of the physiological 
condiiiujis. Majiy dnTicuities here present tliemselveSj one of tie 
chief of wliich ia the imperfect knowledge wc possess of the con 
tutJoti of the blood in ordinary cases, and the mere conjcctunl 
rature of our kno^^'lege oF the amount of gnse* wliieh it contains, 
although as we Lave iilready oWrved, this constitutes one of ihe 
two main factors of this process, and lience we are compelled lo 
enter more fully into these physiological conditions than vte 
should otherwise have done. 

We mustj however, devote a few brief remarks to the general 
results of the chemical inrestigation of tiie suL^tance^ which uicft 
togelher in the act of respiration, before we enter more fully into 
the causa] connection of the modilications of the interchange tif J 
gases. fl 

There is scarcely any portion of physiological chemistry whicb,^ 
notwith standing the p^Kit difhcullics that oppose ita invcatigatio^, 
has been so ciri^umst ant tally and exactly elucidated as the respira- 
tion^ It would appear from the works of the oldi^ chemists, as 
Lavol&ier and Scguin,* Humphrey DaTy,t Allen ai]d Pepys^ 

* M^moire^ d? TAcud. de Paris. 
f Rcao&rcti^, chpmicA] and iiliilcBopliirnt, oUlrfiy conctTtimg niEtmta ox;J«i 

ar (leplilo^biicatDd uir and ita icHpijihtioJu Loailoa, lEKKf. 

* FliUo^ofliicL^ Tiwi»«ti0M foi IQOa. 
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Humboldt aiitl Provetivnl,* Proutjt nnd others* that altention had 
not hithertu been directed to tbta sufjject^ but when physiologists en- 
deavoured to elucidate the mechanism of respiration from all points 
of view, the chemistry of the process obtained some of the ettention 
which it meriti^d, nnd the must exact and adnnirable invesugiitinns 
were at once prosecuted by the aid of ihe mo.st recent ajipliancea of 
science. The beautiful eTcpeniocnts of Magnus (see vol. li, p, 
190-192) on the amount of gases in the blood, may be said in some 
degree to have constkiiled tlie turning ptiint in tliese inquiries, since 
it ia only by tlie e Establishment of thi^ factor that we can cuter upon 
a satisfactory investigation of the interchange of gases in the lungs. 
Numerous investigations, of which the greater number are very 
fidmirable, have been instituted l>oth on man and animals with a 
view of determining the relation between the inspired and expired 
air. SchftHinp,! Dumas.^ Andral and Gavarret,l| Valentin and 
Brunner,!! VierortU,** Malcolm^tt end HannoverlJ directed their 
invesiif^aiions for the most ptirt to tlie excretion of carbonic aeid 
in man under different physical, physiological, and pathulogical 
relations. Mitny of the difficulties which arc inseparable from 
investigations on man, or which influence the accuracy of The 
method iif investigation were Jiiippily obvinti^d in tlie series of exact 
and highly successful investii^atiaMs of Valcjitin^ MurchanJ^J^ 
Boussingaiill,ll|| Letellier,111 Ph.Zimmermann,*** von Erlachit+t 
X.asBai^e,m myself, and especially Regiiault and Ui?iset.§^$ 
"We tire principally indebted to the labours of these chemists for 

• M^'m.de!aBo& d'Arcueil, T.fl, 

i TiiywBua's Auoals i>f Ptitlof*i>ii!ij. VoU 3, p. MB, 

Z Ann. d. Ch. a. Pliu-m. Bd. 45, S. 214. 

; Eahu do Fhyuologig cliim*, p- XHO. 

II XoQ. de Ciiiui. et do Phyik 3 S6r. T. 9, t'E'< 139-100. 

*^ Arch, f, phyriol. Heilk. Wd. S. S. 372 J 17- 

•■ Ibid^ Vi>L3,pp. a3G-500r and rijeiulogia do&AUiniaiu. lUrlamhc, l&lfi, 

ft MiMitlil; Joum> ot Ued. Sci^cc. LOIA^ p. L 

n tie iiiJaniitAte acldi corb. ah humioe iotiD et lugroLo exlialati. 

«( Joum, r. pr. Gi. BJ. 33. 8- 130, and Bd- ^7, 8- 1 . 

IIJI Ann. dcChim. GtdePlije, T. II, p. 433. 

*n^ CompI, rond, T. 30^ p^ 791'79B, odcI Add. Ab C\iira. et dc Phyt. T. 11, 
I>.43S. 

*** CoDJiaent. iunup. derespir. nitiDg. Oiijdtd. Mnrbiir^', 3644. 

■M-t Vera, (iher Pompiralion niit rungHi allimi^adi^r Thiere. Born. 1ft4fl. 

*** Jourtj. de Cliim. qi Jd, a ^r. T. "i, p. 477t *t 7^1^ 

<^5 CujppL rpiiii. T, If, pp 17, and Ann. dt CUim. et de Pbja- 3 SJr, T, 27, 
1». 3-i I ilvj lUcteivhw (iiimiqiies de la reapinLLiuii di:i auiroAiLA dcb tliveiws 
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the facta relating to the respiratory procen, wlilcli we now proceed 
to consider. 

Before we pass to the subject itself, we are led to notice «raM of 
the difficulties which attended theae enquiries. It ia extremely 
difficult to procure the epecial materials for our inTestigadon 
(the expired air) in a state of purity in sufficient quantity, lod 
under perfectly normal conditions Hence various methoda were 
adopted to obtain the products of expiration, but the only modebj 
which the expired air could be collected pure and unmixed vitb 
the products of perspiration, consisted in the direct application (to 
the mouth) of an apparatus, by means of whi(^ the expired air vu 
conveyed to suitable receiving vessels. This n'&s the method which 
was usually employed in experiments on man (Dumas, Andraland 
Gavanvt, Valentin, Vierordt). The advantages of this method 
over the one we sliall presently proceed to notice^ consisted not 
merely in the exclusion of the products of perspiration, but also in 
enabling the observer to determine the influence which certain 
physical conditions of respiration exerted on the numerical relation* 
of its products. This method is, however, attended with aome dis- 
advantages, which although sufficiently serious, can hardly be fore- 
laccn ; thus, for instance, a person conscious of the nature of the 
experiment which is being instituted, cannot help breathing in so 
constrained a manner as to alter the number and depth of ifae 
inspirations, so tliat the normal relations of the ordinarily quiet 
and unconscious respiration arc entirely changed. Tl»is inconre- 
nience may, however, be completely remedied by long practice; 
and the brilliant results and investigations botii of Valentin and 
Vierordt are a sufficient proof that this method does not merit tlie 
condemnation which was formerly awarded to it. The objections 
appnrtainiug to it may indeed be almost perfectly obviated by 
careful attention to the construction of the apparatus. 

The second method, which Scharling and Hannover employed 
on man, but which most other observers have used only in the 
case of animals, consisted merely in allowing a current of air con- 
stantly to pass through the apparatus in which the person or animal 
wus placed, on whom the experiment was to be made ; fresh air 
was thus continuously supplied, and the products of expiration car- 
ried off into a system of vessels, in which the constituents of the 
expired air might be a}}sorbed, and at the same time quantitatively 
determined. However simple this metiiod may at first sight 
appear, and however conformable it may seem to nature, it pos- 
sesses many deliciencles which can only be fully understood by 



METHODS OF INVESTIGATION. 



331 



those wfiD liave themselves employed it. It is bltogeU:er utliiuit- 

ble fur the mvestigation iif ihe Influence exerted hy the niechanicit] 
conditions of the respiration, or for the exact determination of the 
relations of volurae CKisting between the inspireJ and the expired 

ir, &c. For even if the apparatus is so construeted that the 
Knimaln -ire nut (^uinpelled to take deep or frequent gasping in^ipi- 
rationa, if the air be sufficiently chfliigeti, and if the animal \jc 
removed from all keen draiights of air, and if the apparatus itself 

je free from a continuous aJtenmlion in llie tension of the air, ikc.j 
we are only nhle by this melhoJ to ascertain with accuracy the 
absolute quantities of the carbonic acid and aqueous vapour exhaled 
in given times, for the quantity of the absorbed osygcn con only 

M determined ftpproKiniately by weighing the animal both before 
and after the experimenlj and determining the oxygen contained in 
the amount of exhaled carbonic acid ard water> ike Tlte intro- 
ductJou of perfectly dry air, which is indispensable even to the 
innderato accuracy of the experiment, causes the aitimal-f to lose 
itiore water than under ordinary circumstances in consequence of 
their breallting in an atmosphere to which they arc unaccustomed, 
and hence they speedily fall into an abnormal condition* The 
admirable investigations which Mnrchandhas made b)' this method 
on the respiration of frogSj indicnCCj howeverj that it is rapabk of 
leading to results of the hi^hc^t value to ficicnce* 

A third method was empiuycd, first by Valentin, and snbae- 
qneatly by von Eriach under hia guidonee; animate were intro- 
dneed into an inclosed space filled with atmojipherie air, and they 
vere suffered to respire there frjr some time, when the volamc and 
the composition of the expired air were compared with tboaeof the 
priginal atmosphcrcn As far as this object is coneeTned, the above 
rnechod gives highly satisfactory results, as may be seen from the 
investigations of the libove-nnmed c}ienii»ts ; although, as is obvious, 
it cannot be employed for absolute determinationsyor for thcinvea^ 
tififtlion of the influence ciortcd by meehanlcal and physiologieal 
relations on the respiration- 

An apparatus has lately been ingeniously contrived by Regnault 

nd Rciset, by which the second and third of these methods have 
to BOinc cstcnt been combined together. The animals here also 
breatii^ in a circumsciibed space, from which the carbonic acid and 
la portion of the expired water are constantly Ijeiri^ reiuovedby a 

olution of potash, whilst a quantity of oxygen corresponding with 
Llic ami>unt absorbed is continuoualy l>cing suppUed from another 
f/jtij without ihc pressure of the air being on that account sub- 
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jected to any considerable fluctuations* Although the advartt^es 
of this method are striking, it is not entirely free from objections, 
for the Baturation with aqueous vaponrof the air which the aninul 
is inspiring, and the increased amount of nitrc^n in the air after 
the long-continued respiration of animals witliin a limited space, 
are elements which must speedily eiert some influence on the 
respiratory process. 

When we pass in review the most general results yielded by 
different investigations on the interchange of gases in the lungs, 
we And in the flrst place^ that the blood in the lungs gives off car- 
bonic acid and aqueous vapour to the inspired ^r, and takes up 
oxygen from the latter; a very small quantity of nitrogen also 
commonly passes from the blood into the respired air, although 
under special conditions, the opposite sometimes occurs. The 
first question which presses itself upon ournotice is undoubtedly 
the determination of the relation existing between the exhaled car- 
bonic acid and the oxygen from the inspired air which has dis* 
appeared in the iungs. It is well known that the volume of 
carbonic acid gas is equal to the volume of the oxygen contained 
in it; if, therefore, a volume of carbonic acid were found in the 
expired air, which was equal to that of the oxygen which had dis- 
appeared from the inspired air, we might be led to conclude with 
many of the older inquirers, that the osygen absorbed in the pul- 
monary vesicles is exactly sufficient to form the carbonic acid which 
they exhaled. This, however, is by no means the case, for under 
ordinary relatJonSj the volume of oxygen absorbed is much larger 
than the volume of carbonic acid which is exhaled* Tlie oxygen 
does not therefore serve merely for the oxidation of the carhonj 
but also for that of the hydrogen of the animal constituents. If, 
for instance, animals be allowed to breathe in an inclosed space, 
and we then analyse the air which has been modifled by their 
respiraUon, we flnd that more free oxygen has disappeared thin 
could have been employed in the formation of the carbonic add 
contained therein ; we obtain the same result if, as was done by 
Marchand, we compare the loss of weight in the animal during 
the period of the experiment, with the oxygen contained in the 
expired air, and distributed in the carbonic acid and aqueous 
vapour; for in this case we 6nd that the animal has lost less ia 
weight than might be expected from the quantities of excreted 
carbon and hydrogen ; consequently a substance appredable by 
weiglit must be absorbed by the body of the animal during respi- 
ration, and this can be no other than oxygen, as the quantities 
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of the nitrogen, which is citiicr abaorhcd or given off, are on tho 
nhole too SToall to exert any special influence or tliia relation. 
Very numerous e-\|)erinicnu lihve l)ecn niadt on lliis sul^ject with 
all the Ije^t appUd:ice» of science. The inilivldual re^iults yielded 
by these mvcstigations will engage our nttention at a future pflgc, 
and vre would bere only obsene, that on an average for every 1 
volume of absorbed oiygeiiT there is only ahout O'SSltiof a volume 
of caHiooic acid in the expired nir. We bLall presently sec^ on 
comparing the investigations of modern cKperimcntalista, tliat tins 
relation appears to be a somewhat variable one, while the experi- 
ments of Brunner and Valentin, and of von Erlach, give almost 
exactly this proportion bets^een the gases. Ai-curJing to Valentin, 
the interchange of tlicae gases (corresponding to the law of tlicir 
ilifftision) stands in an inveise ralio to the square roots of tlieir 
densities. 

Attempts have frequently heen made to compare t\\& nofurae 
of the expired with thit of the inspired air. On examining both 
kinds of air when freed from water, we naturally find a diminution 
of llie volume of aiTj eorresponding to tlie volume of oxygen which 
has been absorbed and not ctniverled into rarbonic arid, (We 
must, ho\fCver, here disregard the small quantity of exhaled 
nitrogen.) The result vill certainly be different when both kinds of 
ftir are compared together in a moist state ; since the inspired air ia 
usually not saturated with aqueous vapour, while the reverse is the 
case with the expired air, it necessarily follows that the tension of 
the aqueous vapour taken up in the Lungs mu;it cause an increase 
in the total volume of the air 

We [jeed scarcely observe that ibe elevation of lemperature 
which the air commonly expeiicnccs in respiration, (from 3G'2. to 
37"5*, according to Valentin^) must occaaion a corresponding 
augmentation of volume. 

The quantity of v:ater exiiFded by an adult man in a state of 
rest in 2i hours nmounta, according to Valentin, to 506, according 
to Vicrordt to 360, and according tp Horn to d50 gramraea ; as, 
however, aqueous air was inspired in the eKperiments of tlie last- 
named observers, the actual h»ss uf water is only :S21 grammes. 

We have already shown, that the quantity of mirof/en in the 
Dir docs not remain precisely the same during respirntion. Various 
views were long entertained in reference to the question, whether 
nitrogen j^asi was absorbed or exiided during respimtioTi ; tlie more 
modern investigations of 13runner and Valentinf as well an those ef 
Regnault and Reiaet, have now placed it beyond a doubt that 
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there is an excretion of nitrogen, although only in extremely smafi 
quantity. According to the former of these inquirera, the expired 
air was about O*402g^ (liy volume) richer in nitrogen than the 
inspired air ; Trhilst the latter observers found in their esperinients 
on auimala, that for every 10,000 parts by weight of absorbed 
oxygeuj from 8 to 133 parts of nitrogen were developed in the 
lungs. Boussingault* had already endeavoured at an earlier period 
to prove this fact by an indirect method, namely, by comparing 
the quantity of nitrogen taken into the system with the food, with 
that cont^ned in the fluid and solid excrements, and the resaH 
vras, that the quantity of nitrogen present in the excrements ins 
below the amount taken up with the food, and hence it was con- 
cluded that the deficient quantity of nitrogen must have been 
excreted from the organism through the lungs. BoussingaaH 
found that the relative weights of the exhaled nitrogen and the 
expired carl>onic acid were nearly as I : 100. Barralf obtained 
the same result in his experiments on men, for according to him 
the quantity of exhaled nitrogen amounts to about 1-lOOthofthe 
quantity of the excreted carbonic acid» We have already observed 
(in vol. i, p. 453) that a portion of the nitrogen occurs in the 
expired air under the form of ammonia. 

In addition to these very slight traces of ammonia, the expired 
nir not unfrequently also contains volatile substances which ha^e 
been taken with the food, such as alcohol, phosphorus, camphor^ 
and ethereal oils ; and even when no such substances can be 
detected in the food, small quantities of an oi^nic carW 
hydrogen are found in the expired air. ITie reddening which 
sulphuric acid undergoes when used for the purpose of drying the 
expired air also indicates this fact; but when, us in most experi' 
mentK on animals, certain products of perspiration are intermixed 
wiih the expired air, this coloration may depend upon the gases 
of the intestinal exhalations, or in case the second of the methods 
above indicated have been employed, it may be owing to the 
presence of mechanically adhering oipmic parts, as, for instancei 
dust from the skin of the animal. But even where respired :ur, 
in which no impurities are present has been employed, a slight 
colouring of the acid may be constantly observed after the air has 
been sufTered to pass uninterruptedly through a sulphuric acid 
apparatus. It seems tolerably well establislied, from the very exatt 

* Ann. de CLiiiD. Gt de Fliys. S Si^r T, Gl, p. 128 ; and 3 &^r. T. 11, p. 433, 
ftndT. 12, p, 153. 

t Compl,rend. T. 27, p» 3C1. 
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experiments of Ue^rinult amJ RciseT;^ Mint ibe liytlrogen ond tin- 
cnrhnretted hvdrogen which they i'ound in air which had served 
for a prolonped time for the re-ipirauou (if animuls^ were not 
dependent solely upon ihp pprRpiration orihe iniesuiinl eihalution^ 
but that an appreciable qu&ntity botli vt hydrogen and proto- 
c&rburctltd hydrogen was cKhaled from the lunga when in a per- 
fectly normal condition. 

We will now procped to establish several nhoiute vahi^g which 
the alnne-nained investigators have obtained in reference to many 
of Ihcsc points, \Vc possess veri- different statements regarding 
the quantity of carbonic acid exhaled within a delinite time 1>y &n 
•dull man. The cause of this diversity nmy readily be compre- 
hended, wlien we consider the methods by which these numbers 
have been obtained. With the exception of Scharling and 
Vicrordt, all other observers hn^vo contented tlicmseWes with col- 
lecting the air of only a few respirations, and, after determining the 
amoont of carbonic acid, have calculated the quantity of this ga^ 
for a definite period of time. We have already seen how easily wc 
may be led into error, from want of practice, by the determination 
of individual respirationsj and these erroi-s augment in proportion 
to the length of time (as^ for instance, 1 hour or 2-1 horn's) for 
which we endeavour to establish the c^tiialation of carbonic acid. 
Wc will tberefore pnsa over the older results, which vary con- 
fliderably, merely observing ihatj accordhig to Scharling, a very 
powerful adult man e:cbalea in 24 hours J^67 grammes, or at 
a temperature of 0*', and the harometer at 33G'" [29"84 indies,] 
4-13,409 cubic cenlimctrca [or about 27,058 cubic inches] of car- 
bonic acid. Basing his calculalions on Valentin's Ipw, Vierordt 
therefore calculates that the amount of oxygen absorbed by an 
adult in 34 hours (and partly given off again with tbo carbonic acid 
and the \v'ater» and partly remaining hi the body) amounts tn 
746 grammes, or 520^^01 cubic ccntimetpes [or about JIJIU cubic 
inches] ; consequently about 116 grammes of the afimrted oj^t/en 
are retaiTied in the organism. Accordiuj^ to Boussingault's detcr- 
miuation^t about 8 grammes of nitrogen would be given off to the 
atmosphere in the san^c pcnod of time by the same individual, 
whilst, aeconUfig to Valentin, about 5tlO grammes of water are 
exhaled on an ai'crage in equal intervals of time. Tlie numerous 
antl carefully conducted experiments of Vierordt alujw that the 
air eihaled by a healthy man in a statu of real coTitalas on an 
ftverage 4".i.MJ by voliin:ie of carbonic acifh 
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The above remarks indicate that the frequency or depth of 
the respiratory movements must exert considerable infiuence on 
the interchange of gases in the lungs. Before we proceed to the 

other relations by wljich the pulmonary functions are modified, 
we will consider these purely mechanical relations somewhat more 
attentively, especially since many other phyeicat and physiological 
influences afTect the respiratory functions, and particularly the 
excretion of carbonic acid, only in an indirect manner by modify- 
ing the respiratory movements. Notwithstanding the attention 
which has been directed to the mechanism of respiration in its 
anatomical and physiological relations, and the number and 
excellence of the investigations made in reference to the chemical 
constitution of the expired air and the differences which it 
presents under the most different physiological conditions, this 
most important factor in the process of respiration remwned 
almost entirely unnoticed until Vierordt published his welJ-known 
work on the subject, which he has so thoroughly exhausted that 
all our knowledge of the relations in question may in ^ct be 
referred to him alone. We cannot, therefore, do better than follow 
him as our guide in these inquiries, 

Vierordt first limited his investigations solely to the determi- 
nation of the dependence of the amount of carbonic acid in the 
expired air upon the frequency of the respiratory movements; to 
ascertain this relation, he began by observing the quantities of 
carbonic acid excreted during perfectly quiet respiration, in order 
to obtain certain mean values and to establish the corresponding 
variations. All Vierordt*s experiments were made upon himself 
and, as nearly as possible, under the same conditions. The 
duration of each experiment was limited to a minute, and the air 
collected during that period was tested for its amount of carbonic 
acid» Before each experiment a few respirations were made, cor- 
responding in frequency as nearly as possible to those made 
during the period of the experiment, since the air remaining in the 
lungs from the previous respirations might have induced a relative 
error in the result of the observation. These comparative observa- 
tions on the different frequency of the respiration i^ere not made 
consecutively, but at intervals of about half an hour, and, as far as 
possible, at the same time of the day. The volumes of gases given 
in the following table are calculated for a temperature of 37% and 
the barometer at 336 Paris lines. 

Vierordt found the following mean values, to which we add the 
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maximft and icinimn, for the respiratory function for one minuto 
during a stflle of perfect bodily repose. 
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After havino^ oljtained tlieae fundaiiientEl values, Vierordt tried 
tlic experiment of breatliing with (loul>]e the rapidity without 
dinunishins the normal depth of the inspiration, and he then 
obtained i!ie re^ulr that the relative quantity of cnrhonic scid waa 
on an avemge alioul. 0'9O7Ji less than in normal undisturbed respi- 
ration ; when the number of inspirationa ^vcre increased thrcs 
times their former uniountlliiB diminution Wfla about 1'125[] ; when 
the niiraberffas increased fourfold it was 1'293J; and finally, when 
they were increased eightfold it was shout I-GOOS- VVhen the 
number of the inspirationa was diminished by one-half, (when only 
6 insteod of 12 inspirationa were made in a minute, which occa- 
sioned considerable difficulty of breathJngj and hence could not 
yield a perfectly pjre result,) the dilTerence in the quantity of car- 
bonic acid in the expired air wua found to be 1'316[I". Thta rcliw 
tion will be rendered more clear by the following comprehensive 
arrangement of mean values found by Vierordt, in which the mean 
quantities of the carbonic acid obtained during respirations of dif- 
ferent rapiiUty, are calculated for one and the same normal quan* 
titr of carbonic acid. 
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Vierordt was able, after a few con-ections made in the numbcra 
Ihua obtained, to ahow that the numlKrs of the respirations are 
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functions of the nombers e:iprcs3ing the corresponding per-ccntage 
of carbonic acid- Thus for every expir&tion, without reference to 
duration, there is a con£tant amount of carbonic acid (of 2'5S)» to 
which we must add a second value expressing the quandty of car- 
bonic acid exactly proportional to the duration of the respira- 
tion. We subjoin the following table in eluddation of this 
proposition : 



BevpimivB- 


Ppr-pmrjij!T ol 
nrboDir acid. 


CofubnlL 


Av^BciilalkiQ of Ihe pvr- 

cmtiicT of ihr qr^nqir nni 

tor Kbt danlinq nf UlC 

ntpinitioa. 


e 

12 
34 


67 
4-1 

S7 


2-5 
S-5 


1-6 
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0^ 



^The author here quotes Vierordfs formula, representing (as 
that chemist believes) the connexion between the per-centage of 
the carbonic acid and the number of inspirations in a minute. As, 
however, it would not be inteUigible to the general reader without 
a much fuller explanation than is ^rcn in the original text, we 
deem it advisable to omit it. — o. e. p,] 

Sttirmer,* who carried on a series of investigations on this sub- 
ject under the direction of Marchand, obtained somewhat different 
results from those of Vierordt, although upon the wliole they 
arrived at tolerably similar conclusions- As Sturmer and Mar- 
chand'a results did not, however, admit of being expressed by 
Vicrordt's formula, they attempted in some degree to modify it» 
Several objections were advanced against Vierordt's method, as, 
for instance, the expiration into the expirator with open nostrils, 
the employment of a solution of common salt as a separating 
Huid, and the neglect of the difiference of the tension of its vapour 
from that of pure water, the inaccurate determination of the tem- 
perature of the air in the anthracometer, and the uncertainty in the 
reading of the water-line, &c. Most of these objections were, 
however, recognised and specified by Vierordt himself, and we 
agree with him in thinking that they do not materially influence 
the main results ; for although we by no means hold the view that 
a very lai^e number of less exact experiments are able to give a 
better result than a few very accurate observations, (sincCj if this 
were the case, an astronomer might as well content himself with 

* Obfterv. do acidi carboDici reflpiratione enhalati ^luuitilate, Halle, IB4B. 
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tnl^in^ tlic nierm of the timea of 100 flocks inslen<l of employing 
one cosily Ijut reliable clironometerj] Viorordt'a experiments nppcar 
to us fully to merit the confidence wLicli their author himself places 
in ilienii Oije of die iiio&t esseiili;il rcquirtnieuts tuwurds tlie 
success of suc!i experimental uiidouTitedly consists in the power of 
carrying on the normal respirations in a quick anil uniliaturl>cd 
maimer, and in this respect Vicrordt has a decided advnutn^e over 
Sliirmer, Tlie Ulter observer ohfiiined the fclloiving mean qiimi* 
tilics from eight or ten experiments with tJie expired air. 

ft RMpimtmy iD&veineats in tTio minntQ j-ielleil E'46pprpenlr of carbonic ncU- 
U » „ 9fi<i 



According to Vierordt's experiments, 500 cuhic centimetres [or 
'5 cuMc indies] are about the mean Tnlucfor the roliinc of the 
T expelled by one e?ipiration when the breathing is undisturbed- 
If now wn assume, durirg hurried respiration^ an equally large 
Yolume for the jiir e\|ielled by eaef] expiration, the ahsftUite amount 
of carbonic acid CYhided in a minute may be very readily calculated 
from the &bovc data. The following table plainly shows the rela- 
tions deduced from this calculation. 
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Vierordt subjoins some interesting reninrks on the nutnber of 
rfspimliona wliich must be made in a minute in order to remove 
the whole cf the carbotiic acid from the blood circulating lhrou*[h 
the lunga. If, for instance, we ^Lssume with him tlml the quantity 
of carbonic acid in the blood pns*iing in one minute through the 
puinmnnr) capillaries Euuounfs to 4300 c. L\ [or 2G'2 cubic inches], 
it would require, according to ihe above daUj upwards of 
300 reapiratory acta for its entire removals for W2 respiration* 
ironld only remove 2-19»> e. e, [^or 152 cubic inches3. whilst 
twice that number might separate as much as -iSDG c. c» [or 
2V9 cubic inches,] supposing that such cxccaaive frequency of 
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respiration were vithin the limits of posubility. In accordance, 
however, with his view of the quantity of cai^omc ftcid contained 
in tlie blood of the pulmonary capillaneB, ^ respindons within 
the minute would expel only 3-97S of carbonic add ; twelve would 
yield 572s ; twenty-four 9213; and forty-«ight !6-lSg. 

Although aerend causes, besides the frequency of respiTation, 
exert the most marked influence on the quantity of carbonic add 
in the expired air, this law nevertheless remains in force for other- 
wise similar conditions, as Vierordt has convinced himself by 
numerous series of experiments instituted under the most various 
bodily conditions. We must, therefore, assume with him, that the 
rhythm of the respiration acts as the most powerful regulator of 
the excretion of carbonic acid. 

Tlie influence of the respiratory movements on the eiccretion 
of carbonic acid is equally manifested, wlien we consider the inieit- 
»'Uy or depth of the individual respirations. Notwith standi n£[ 
the difBculty of drawing reiipirations of a certain depth, Vierordt 
has been able to obtidn very decisive results in relation to this 
point, as may be seen in the following table : 

If the air of normal rc«pimtJoas coatjua 4'60 percent, of cathonicscid, 

The air in respintioua twice a deep contain* 4*00 „ ^ 

Ibrectimea „ 3*70 ^ n 

fear times „ 3'36 „ » 

eight times „ S'7B m m 

half „ fi38 „ „ 

From these observations it follows, that in an expiration 
having double the normal volume, the itbsolute quantity of the 
exhaled carbonic acid is about equal to that which is exhaled by 
respirations having threefold the normal frequency; whence it is 
further proved that the orgaTusm possesses two means of at the 
same time separating larger quantities of carbonic acid. 

Vierordt adopted two methods of determining the question, 
whether the amount of carbonic acid in the air increases in the 
finer ramifications of the air-passages, as the experiments of Allen 
and PepySjand of Jurine, seem to show< One method consisted in 
dividing each expiration into two as nearly as possible equal parts; 
the expired air in the latter half must have arisen from the deeper 
parts of tlie lungs, and Vierordt found in it 5'44g of carbonic acid 
ai the mean of 21 experiments, whilst the first half contained on 
an average only 3'7^f[- The other method consisted in comparing 
the amount of carbonic acid in a normal expiration with that in 
the air obtained by an intensely forced expiration. He found as the 



KESFIRATION OF ARTIFICIAL ATMOSPllEKES. 



341 



mcEUi result of ei^lit experiments, tlint wliile the c&rlwnic acid vf 
H normal espi/ation [of 574 e. c] amounted to 'I'^S^Ji, a most 
complete anJ full escpiratioii (of 1800 c. o<] contained 5'18y. 
He nee it ftiltowa that in ifie deeper strata (amounting tv 1^2G c^ a.) 
of the strong expiration, (the tjuantities totiLaiiied in both espira- 
tions amounting to Sti'57 and 1>3'34 & e. rcspectivel)',) there arc 
66'€7 c- c. (or5*'13S) of carbonic acid, and consequently V'BO^ more 
than the amount contained in the volume of a normal expiration- 
As, however, there ahraya reoiaiii nhout fifXJ c. c, of air in tlie 
loveat parts of the lungs even after the strongest expiration, the 
highest per-centc^e amount of cnrhoikic acid in the air in the 
pulmonary cells srould be about 5'33|}j that is, I"2g more than ia 
contained in the air of a nonna] expiration. 

A'icrordt made four Hcrics of experiments on the Influence 
-which obitruclitjn of the respiriition exerts on the secretion of 
carhonic acid. All the^e experiments -generally exiiibited a very 
eonsiderable decrease in the absolute amount of carbonic aeid^ and 
a considemhle increase in its relative amount — a result to which 
Iluni* lias nlao been recently led in a scries of analogous experi- 
ments. 

We now proreed to the con si deration of those changes which 
the expired air experiences from the indirect action of chemical 
B^iUfi, that is to say, more especially from the inhahtion of 
artijiciai aiinoftp/tercs, or of differcni kinds of gasts. The latest 
cxperimenta of Regnault and Reiset, on dogs and rahbits, show 
tliat the respiration of air which is richer in ovygen tlmn the 
atinosphere, daes not produce effects difTcring from those yielded 
under the normal relations; the animals did not c:chibit any 
distress from the inlialation of air containing two or throe times 
more o:fygen than our atmosphere, and the product-i of reaplratinn 
were precisely the same as when the animals had breathed atnto- 
aplietic air. It is therefore the more striking, that the earlier 
experiments on respiration in pare oxygen should have led to 
tolerably decisive results; among these we must include the ob- 
servations of Lavoisier and Seguin^ na well as those of Allen and 
Vcpys on man, and ihoae of Marchand on frogs. According lu 
these oljservcrs^ the excretion of carbonic auid was only very 
ftlighily or not at all increased by breatiting in pure oxygen, 
althongh far more oxygen was absorbed than under ordinury 
□onditiont. According to Marchand, for instance^ there remained 

* Tfeuo Diedk-.^liLmT|p. Z«itiuig. I&1!>, S. 33-3£>. I 
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more oxygen in tbe blood {which w^s not c^ipeniied ladiefonnaEitM^^ 
uf carbonic scitl) th&n in ri^:^j>] ration in ordinary air. Tite ci^jk^C^H 
uicnU of Allen fLnd Tepys exhibit, moreover, no incoTifitdemblc 
exhalation of nitrogen. Sir Humphrey Dovy's expcrinienCs (lo- 
cording bi ivhich most of the ttUI functions are performed with 
augmented energy after the jirokinged inhalfltion of oi)^en) nre 
wurlby of being caicfolly repeated witti aucb improved means 
Ix3pa3se* has lately employed in liis obscrrationa. 

The respiralion of air richfr in carbonic acid than the or4in 
atmosphere^ and the repeated insplnitioik of air which had a 
been c:iptred, have been made tlie subject of numeroui^ inre 
gntions. Marchand found that frogs which had been suEfcned 
breathe in closed rcssela, developed less carlxinic acid and iolin 
less OYvgen totrards the close of the esperiments than at 
iKginnicig, and tliat at length they absorbed little more oxy 
than yvas necessary for the formation of carlionic acid. 'Hie 
experiments made by Le^alloisj* on animals, present results ditter- 
iiig so essentially ^otn those obtained by other observer, tliat 
one scarcely knows hon' far to trust them. The following fart 
aeem, bowever, to ^xasess some degree of probability. A larger 
amount of nitrogen is excreted in an atmosphere rich in carbonic 
aeid than in the ordinary air, and when the air ia very ricUj 
diarged with cflrhonic acid ^ome of this ^ubstaiiee is even absorbed 
by the blood ; the abstirptiuii of oxygen ia iu that case pn>- 
]K)rtionaily amall. 

Davy's cxpcrimcnta prove that pure carbonic acid ca-ntiot h« 
inhaled, aa the glottis spasmodically obstructs its pji^isage ; di Of 
even 40Jf of carbonic acid are sufficient to render an attnospliert 
unlit for re?ipiratiun, although airless densely chained with tbia 
acid may be respired for some time without producing any 
injurious effects, and the danger induced by its prolonged respira- 
lion depends leas upon the actual amount of carbonic acid than 
upon the insufficient supply of oxygen conveyed to the lungs bj 
such an atmosphere. 

It has been shown by Legallois' experiments on guinea pigs, 
that in air which ift richer in nitrogen than the a[nios]ihcnr, 
nitrogen is absorbed and less carbonic acid exhaled; the absorp- 
tion of oxygen appear!! to be relatively greater tlian in iitmu- 
spheric air. 

The inhalation of pure nitrogen gRs is speedily folloveii by 

* CoinpU rend. T, 32, p. I0i5, 

t l^p- BUT Ic |)i'iDL'i[iD He U VL«. Pult, IfllS. 
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»j-Qi[ituins uf snlTucationi nrcording to Coutciiccau* onil Nyal;en,t 
rather more carbonic ncid appuara to be exhale*! tbctu in the atmo- 
splierie air- 

Tlie most careful experiments hove been made or the respira- 
tion of nitrous oj:ide by its dbcoverer, IJuniphrey Davy, and these 
observiition.'* Iinvti hccn perfectly corrobgrutcd in recent limes by 
V\i. ZiinnierTnanTuI: Tbc first effecla ore maniFcfited by plettsural>le 
sensations, considerable excitement, and a ataie Tcsemhling intosi- 
caLioiij but Lliis it|ipedily (after tlie ]k\\i^a of live or ten minutes) 
|UkA«eA into asphyxia. According to Davy's annlyaea of the 
expired eir, a large quantity of nitrous oside is absorbed by the 
blood : carbonic acid and nitrogen being given off in no larger 
quantities than usual. Zimmerntsnn made nnmeToua e^perimenta 
witli tins i^aa en pigeons and rabbits, and found ihat tbc pulae 
soon beenme irregularly qtiickened, and the respiration very 
fre<[uent, these symptoms being followed after a time by slight 
frorivulsions and nsphyyia, A strong rabbit was resescituted by 
the artidcial inlialalion of atmospberte Qir, after the aLtinnd bad 
reiTtainccl for 3 hours and ^0 minutca in an atniosphcrc of nitrous 
oxide- Zimmormann found that a rabbit which jielJed on an 
sverage O'fl of a granm^e of carbonic acid in atmospheric air, 
cshaied 1"3 grammes, when respiring nitrous oxide. 

Respiration may be carried on without injury for a tolerably 
protraL'ted pcrioti in an atmosphere containing hydfogen fftn, if a 
suffieient quantity of oxygen be present* Kegnault and Iteiset 
caused rabbits, a ring, arid frcgs to respire in an atmosphere whose 
uitrogen had been /or the n*cst jjurt replaced by hydrogen (from 
55 to 77;! f>^ hydrogen, from l"l to H"4|i of nitrogen, and from 
21'8 to 2S'85[ osygen) 5 the rabbit remained in this atmosphere 
20 honrs and the dog 10 hours without any obvious injury, 
ejcepling Unit tiie respinitien was augmented in foree — a circum- 
aUmec which thciic observers thought tliey mi^ht refer to the 
greater cooling power of the hydrogeop At the close of the experi* 
g^nt nearly the original amount of hydrogen was found; there 
%tta a more considerable ahsorplion of oxygen than in the caae of 
atmospheric air. Nitrogen appeared to be exhaled; but this 
rniniit have been derived from the air already in the lungs of Iho 
animals, when they were introduced into the apparatus in which 
they were made to respire- The respiration of these aniniuls pro- 

• fti^viftiou desnoitr. diHjtn chcm.'pJiyHol, ACh Paris, ini-l. 
t RenliiTdKis do TliysioK H da rhini. pallid. Piuth, IQLI. 

* DiflB, inang-med. Mubut^, \9Ait 
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CKcdcdt itereforc, quite us regularly in this artifirlal atmosphere aa 
in ordinary flir — a circuni5tnncc which had ftlready been oWned 
hy Lavui^ier and Segutn, as well as by Humphrey Davy. ^H 

It ifl clearly shown by Regnault and Rtiset's experitaenta ibat^^ 
the only reason why respiration cannot be stip[x>rt«d for uiy 
length of time in pure hydrogen gas is, that the organism is tlius 
deprived of the osygcn necessary for life. Marchand fotjnd that 
froga died in from half-an-hour to an hour after being placed in 
pure hydrogen gas; they ex.ha1ed a much Inrger cjnantitT uf 
oarbEinic aeid tn this gas than in atmp3|>hcnc air, f(>r whtUt 
lOOO grammes' weight of frogs exhaled about 0'077 of a gmmrae 
of carbonic acid in one hour in atmospheric air, they developed u 
mueli aa U'2G3 of a gramme of ctiTbonic acid in the same time ia 
pure hydrogen gas> 

Cart/onlc o^ride ffos, when mixed even in very minute quantiti 
with atmosplieric air, gives riac to faintness, feelings of safibcatioitt 
stupefaction and death. The fact of this being the constituent 10 
which dioke-dftmp owes its fatal eiTecta, has been tspeeiaily 
demonstrated in recent times by Leblanc.*^ 

Wc need hardly observe that aulphuretted hydrogen, selenia- 
jetled hydrogen, phosphuretted hydrogen, arseniaretted hydrogen, 
ammoniacal gna^ sulphurous acid, chlorine^ &c., are not tnerdy 
irrertpirable, but arc also jioisonims gases, like carbonic oxide- 
Like all tho other functions of the animal organism, th« 
respiration is acted upon in a definite manner by numerous infl 
ences of the external world. The animal body is brought into lb 
most intimate relation with tlie almospheie through Uie medium 
of the lungs; aTid hence the cftecta of various atmoBpheric con- 
ditions are discernible in the different respiratory fiinctions. In 
consequence of these relations, we will investigate the aItcratio;i> 
apjMireiit in the eomposilion of the expired air during different 
conditions of the atmo&phcre; amongst which the temperaiurt first 
claims our attention H The earliest experiments made in relation 
to this point were for the moat part limited to those animaU 
which at low temperatures either fall into a state resembhng 
hybernation, or whose vital activity is at all cventa more or less 
reduced. As Spallanaani, Saissy, Treviranus. and others hiid ob- 
served that insects and molluscs, as well as marmots, l>ats, and 
hedgehogs ^xli^lc<l ^"^ carbonic aeid in a low than in a high 
temperature, it was at once a^&umed as a general proposition^ Llmt 

• Compi. read, T. W, p, 4aS. 
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a depression of the surroumlnig temperature woulil constantly 
produce this effect in all daasea of animala. The numerous end 
Tariously modified experimenls which havo since been made in 
connection with this inquiry have, however, proved that in the 
higher classes of animaU at all events there is a diminution m 
the exhalation oF carbonic acid corresponding with the rise of the 
temperature frnm the frecaing point, LeteUier* was one of the 
iirst of several observera n^ho in recent times have made a series of 
dt'terminalions of the quantities of eiirbonif^ acid exhakd hy 
tlifferettt aninmb, a^ green -finclies, turLle-duves^ mke. and guiiiea- 
pigs, at various lower or higher temperaturea, Hia results showed 
that llje largest relative amount of carbonic acid was exhaled in a 
temperature between — 5° and +3^, nnd the smallest at a Eemp<?ra- 
ture l>etwecn + 2o°atid 43'^< This ratio Ja more strongly markeJ in 
birds than in the mammals; the animals on whith these experi- 
ments were made were unable to bear a. temperature escecd- 
ing + 4.1'''_ Almost simultnnenusly with LetelUer^ Marehiind 
obtained similar results with frogs ; with this difference oidy, that 
these aTiiniala already fell into a torpid state between + 2° and 3°, 
in which they excreted o remarkably small amount of carbonio 
acid, 1000 grammes' welijht of frogs yielding only 0*039 of a 
gramme in one hour, whilst the largest amount was exhaled 
lietween G" and 7°» 1000 grammes' weight yielding 0'124 of a 
gramme^ the quantity of escreted carbonic acid then gradually 
sunk in proportion to the riae of the temperature. Between i^S° 
and 30°, HX»0 grammes' weight of frcgs exhaled only O'O?/ of a 
gramme in one hour, 

Vierordt has calculated a scale of the values of the respiratory 
functions, according to eacii degree of tempersture between 3"^ and 
24% basing his numljera on the results of his numerous experi- 
ments on the excretion of carbonic ccidj in which he noted the 
thermometpic and barometric readings, as well aa the pulsations 
ftnd respirations, and the volumes of the individual expirations 
throughout tlie entire experiment. These tidiles niford a helper 
insight into the inllueiicc of the temperature on the respiration 
than we obtain from any of the earlier observations on the same 
subject. For the better comprehension of these relations, we 
divide the mean result into two sections, of whiHi the one 
reprebenta the means of the values obtained in the loiter degrees 
of tempcntare between -f 3'^ and 1 3^, and the other those between 
1 1^ and 2 1°. 



C«mpt. njEd. T-20, p, 7ii< 
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Avattga TempetAlun, 


DiffETOlK. 










e^iT* 


10-400 




PulALtiQiuinaneiiiiaQter,., 


7M3 


71-20 


|-«t 


K«flpirution9 in one minute 


13- J 6 


ll'W 


o-w 


VuLume of oae ex|>iratioii , 


04^0 c.c 


fiSO'8 cc 


S7'3 C't 




[or 33*5 c 1. J 


[or 31 '8 0, LI 


[or 1-7 ci] 


Air expired in one miaute . 


6fi7aD cc;] fllOW cc 


C&tf'O cc 




[or -107-0 c.i.J [or 367-9 cL) 


[or 40^ fci.] 


Cu-lwnic acid in one minute 


SD9-33CC. ft&7'3l<vc 


41-52 c.c 




[lU' ie-3 o,L) [or 15-70CL] 


[or a^cL] 


Curbooic Bcid in 100 part* 








of expired air 


4-4B 


4-38 


0-20 


State of (ho barometer .... 


334-60 Pari* Ibtt ^^■B% Puia linoe 
[or 29 73 inchei]. ! (or 29*64 incheft]. 





This table not only sIjous that the number and depth (volume) 
of the rcbpiratioiis decrease with the elevation of the temperature, 
hut it also exhibits the indirect influence of teEii[>erature on the 
c\cretio[i of carbonic acid, from its absolute quantity being con- 
siderably dkininislied by the diminution of the number and extent 
of the expirations ; in the meanwhile the per-centage amount oE 
tliis ^as in the expired air is also decreased ; whence the elevation 
of the temperature nmst necessarily influence the excretion of 
carbonic acid by some other means than by diminishing the 
mechanical functions of respiration. 

Vierordt has also determined similar relations in regard to the 
qunntitics of water expired at different temperatures,* as may he 
best seen in the following table ; 
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4^ 
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W 

5(Q 



IiiBikin.-d nir 
n\IlHMl lu 
(lit ct-vre- 

IcmptTi* flirt, 
□ihI tfJO'" II 



^s:;^..r "i^^'" 



CtuaiirilyDf n-aUr in tbeoirlr^ t . . , ■. 



n-iliifi'il 

Id a:-> fiiiii 



Id ^maiiiin. 



mLhUlc, Ul ^iBDIBlCfl. 



miiLuEf , ill 



I Bmnmri, 



rerTctti) 
■Blurntcil. 



Wilt ibe I Wltti 
mtnn uDOonl bivjlhin^ 
of ■ratcrr iHlunlrd lir. 



^lif n hTfaihii^ 
ur, cvhlBuuDgcbB 






Giii 



OJJIOI 
0-2^20 



OU07(W 

Qin4i 



0<B*71 
003773 
0«7as 
uon&6 



025991 

o^aisM 

&1&CH 
fllSSOB 
Dll«l 



O^^SU 
031231 
OMSK 



The tifi/ree ofiiioisturt of the atmosphere is not without influ- 
ence on the respiratory functions, and especially on the excretion 
* Ablmadi, bui Dogriindung dcrk. eacLfi. Ges> d- Wiss. Leipzig, 1646. 
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uF t:urlK>n'ic acUl. I Imvir mmle several experiments in reference tu 
tins subject on wood-pigeona, green-finches, mid ralibits, Tlie 
weight of carljonic add eseretetl in moist air grenUy exceeda 
that eliminated in a dry atmosphere; thus, for instancej lOUO 
gramme!** weigiit of male wood -pigeons yielded in one hour in the 
mormng in a dry air 10--1.16 grftinmps of t-irhonic aeid at 0". <\ 0,'i5 
gramme* at 24°j and 4'Gy grammes at 37'^; in a iioist atmosphere 
ihey >nelded 6'76y grammes at 23*^, and 77fi grammeB at A'J^. 

In the same way UKlO grammea' weight of green-finches yielded 
in the course of one huur in th<; arteniooii in dnj air 7'2fiO 
gmmmes at (j'', 5'G7*) grammes at J7"5'^. and 3"320 grammes at 
»7'5^. In moist air they yielded 5"35I grammes at 17"5°, and 
tt"851 gr.immes at 37"5'^. Lastly, 10<W grammes' weight of rabbits 
exhaW in one hour befure ucon 0'4.'jl of a gramme of carbonic 
arid in dnj air at a temperature of ST'j"^* and ns much a.s 0'(i77 of 
a gramme in a woivf^ atmosphere at the same tcmpcraturCi 

Few aa these investigations are, they yet clearlv demonstrate 
the importance of this influence on respiratiorij which we have 
fre([uently had upporlumtiea of obaerving at the hed-ftide, more 
especially in the case of pulmonary discaaca. It is only when vc 
proceed to inquire into the causal counectlon existing between tbe 
excretion of carbonic acid which ia here observcdj and the degree 
of nioistore of the inspired air, flint we are compelled to admit our 
anauBii^icat knowledge of this subject. 

The influence exerted by the moisture of the airon the respira- 
tory uioveraents is not a question of mere corijecturCj since it 
admits tif direet ohservation. The rcspi rations of anijnals ar<? more 
frequent in a moist narm atmosphere than in a dry one j but this 
result depends very nmch upon the change to which the animfda 
are subjected at the bcginnitig of the experiment ^ but when the 
fre<Luency of the respiration is observed, 3, 6, or 10 hours after the 
commencement uf the experiment, it is always found to be more 
considerable than in a dry atmosphere- It appears, howerert f rom 
Bome esjierimcnts made by Buchlieim in my laboratory, that tha 
moiacure of tlie air even more decidedly inriuences the depth of the 
inspirations. But althoagh the augmentation in the expired car- 
bonic acid, when breathing in a. moiat air, may he partially ex- 
plained by the alteration in the respiratory movL^menta to which we 
have already referrodj the influence of moisture^ like that of the 
temperature, probiddy uUo jtct* m soine other way. Our knowledge 
of these relations does not as yet ciiiilde us to prove that the 
ft((Ueou5 vapour excits any direct inrtucucc on Ihc cscretiun of 
carbonic ;icid from the blood. I have repeatedly mode an obser- 
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v&tit>i) in reference to Uiui Bubject* which ma^, I Uuiik, provf o( 
eonic interest tuwards the fun!n?r elucidation of thU question, 1 
have rnuiiJ Lliat frogs Xusf ciudt leas of ihcJt weigliL iit a diy thAn 
iu D luoial atmosptiere, the dliFcrencc being very consicicnbU- 
Thc two following of raj numerous ohflervatiooa may suffice to 
tlcmoTistrnte this difTerenc^- In one case 1(X) grammes' weight of 
frogs lost I'B-O gpammes of their weight in twenly-ibur huurs iti & 
dry alDwapberc, and as much aa 4-37C grommca during the swne 
|>cnod of time in moist nir; in another cTrpennicnt they lot^t 0-681 
of a gramme Iti dry, and J'JIU gmiiimes in molat air. It is T^rt 
obvious !hat these conditions depend diiefly upon thp perspiration, 
and da not, Uiert^orc, present e perfectly parallel ca^e with tic 
respiration of the higher aTiimols; for the external appcaraJicc of 
the (ro^ uhich were in the dry air^ showed that their skin w&£ diy, 
and consequently in an unliE state for es-rnirg on the process of 
r^pimtion ; but still this observation may not be entirely uneon- 
rectfd with these res|«ratory conditions. It also shows ihc 
necessity for practisiiig caution in drawing our eoncluaions fr4>ni 
experiment* made on animals which have only respired a perfcctl' 
dry air. We cannot pa aaibl y oHscnre normal conditinns of fvs 
ration in experliiieiits conducted merely in dry air, although If 
one clement may not be of ^eat importance in reference to 
considcratiun of the whole process. 

The pfes:ture of the air is another of the atmospheric infiuencei 
which reacts ujmn the rpapnition. We will here first refer to 
most recctU experiments made in rclatiou to this suhjcct, p 
because they arc limited to respiration in tlie human oi^anis 
find partlv because they have led totheadnption of farmore correct 
views regarding the influence of atmospheric pressure thfln could 
lie obtained from the earlier observationa on animala. Here too 
we arc mainly indebted to Vierordt for our knowledge- His 
numerous experiments nl different heights of the barometer yidd 
the following values for the individonl functions of respiration. 
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A rise in tlie burfinieter of i'GJ" tlicreforc iiiereasos tlic pulsa- 
tioiis r3j tlie respiniLiims a1)t»ut U''J4^ ant] tlie amonnt nf expired 
&ir 5K6 Cm c. I^or 35'" ciiLic incbes] in a minute, wliiKl tlie car- 
l>onic aciil of the latter s'mVn about O'SODj!. Vierordt farther 
remarks that these tlifferent^^s are nmde more apparent when respi- 
ration IS carried on at liigliertemperatures. 

Legnllcis placed dogs, cats, rabhits, and guinea-pigs in an 
almo.^pherc wbicb was only one-third aa dense aa tlie ordinary 
atiiwij^pbere, and compared the results of these experimenta 
■with others obtained from observations conducted at tbe ordinary 
pressure of the atnios])lieriG air- We cannot, however, attach any 
KTcat value to these experiments, bccflu^e tbc sudden change in M»e 
almoapheric prtssnro must necessarily have disturbed the olhcr 
function* of these animdg to ao great a degree as eaaentially to 
Titiate the |)uriLy of the observation- Although my own experi* 
meats on rabbits and green-finches, in connection with this point, 
«re not free from all grounds of objection, [ have endeavoured, aa 
far as possible, to distinguish between the effects of the alternation 
in the preasnre of the air, and those depending upon the constant; 
atmospheric pressure. I found by direct obser^-ation, that every 
rapid change in the pressure of the air, vrhetber this change 
were otie of increase or diminution, ^ave rise to accclcmted respi- 
ration both in birds and in mammals, and, consequently, that it 
was cunaectcd with increased p^Lhalation of carbonic acid. My 
expcrimenta were, therefore, conducted in such a manner aa to 
accustom the animals to ati incrcaac or diminution of the ordinary 
atmospherie proasure, after wbieh the quantity of carhoiiic acid 
expired within a defi.nite time under such an increaaed or dimiu- 
lalied atmospheric pressure, was determined. The results obtained 
presented nearly tiic aame degree of variabilityj although in some 
cases the pressure was raised to 3 J", and iu others it fell to "22", 
Although, for instance, in oneense 1000 grammes' weight of green- 
finches exhaled 5f>21 grammes of carbonic acid when the baro- 
meter stood nt r^G ni, m-, and 6"313 grammes when the barometer 
was at kUj ra. m» the temperature in both ea%es being +IS°, and 
in another ease lOOO grammes' weight of rabbits exhaled 0'529 of 
a gramme of carbonic acid with the baroojcter at 704 lu. m.* and 
O'GOO grammes with the Wonietcr at 801 ni. m., the temperature 
in both cases bcinR 15°, and there would, therefore, seem to be 
some ground for the hypothesia that an augmerlation of the rar- 
lionre acid was due to increased nliiiuspheric presiurcj yet the 
most general result lo be deduced from the tolerably accordant 
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e\i>orimontJt made in reference to this subject seem ncverthelesa to 
prove that n diminution of pressure of the air g^veft rise to a slight 
decrease in the quantity of exlialed carbonic acid, whilst an au«- 
nientation of pressure occasions a slight increase in this gas. and 
thnt the absolute pressure of the atmosphere must consequently 
exert n very subordinate induence on the exhalation of carbonic 
acid* Tiie animals which were employed for these cxperimenU 
were, however, quite as lively and as much disposed to eat with \ht 
iKirometer both at 34" and at 22" as at the mean pressure. 

Marchand made several experiments on the condition of ffugs, 
when inclosed in aspacefrom which Me nirAflrf Ae«i almost en/irfig 
withdrmtm. When tlie air-pump was worked slowly, the animila 
bc!;^vii to show symptoms of uneasiness, and their bodies swelled 
at a pressure of 54 m. m. [21*25 inches], and at a pressure of 
4 m- m, QO'lfi of nn inch] they exhibited considerable inertia, 
and many of them became asphyxiated. After remaining for ctcu 
hnlf an hour in vacuo, the animals recovered on a re-admission of 
air. If the animals were killed by complete abstraction of air, it 
was found that 1000 grammes* weight of frogs would elimifiate 
about O'GOO of a gramme of carbonic acid. 

Prout's experiments on the influence of the different periods oj 
Mf f/a^ ii{)on the exhalation of carbonic ncid have been repeated 
by se vend observers J amongst otiiers by Scharling, Vierordt, and 
Horn,* who have noticed that the different periods of the day 
occasion dccidedlv appreciable differences in this respect* ^Ve 
fully concur, Jiowever, with Scharling and Vierordt in referring 
these differences far more to internal conditions of the organisn)^ 
such as digestion, waking and sleeping, &c., than to cosmical 
relations, if indeed the later cbini any consideration. It would at 
all events a|»pcor from the experiments of these observers, that th* 
influence of the different periods of the day, if the above physical 
relations be i^et aside, is reduced to a minimum* It must not, 
however, be forgotten that the numerous experiments of Biddrr 
and Scbmidtt perfectly coincide with those of ChossatJ in shoir- 
ing that animnis, when fasting, constantly exhale for less carbonic 
acid during the night than by day, this relation continuing unaltered 
ii|i to the time of death. As these oscillations wore found by 
Si-hnjidt tocease after the animals had been blinded, they cannot be 
entirely owing to sleeping and waking; for although light in itself 

• Op. cJL 

t Op. cit.. p. 317- 
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mny evert sonio inflnence on t^esa t-orporeal conditiiinft, it rniwt 
be very indirect in ks nature. 

Marcliand was induced to lielieve from liis earUer eiperimenri 
on fro^s, that the difference between th& diurnRl and nocturnal 
excretion of earbonic ncid wa^ verr consideriible j he foinid, how- 
ever, fvntv his saT]se(|uent observations, that the apparenc eseess 
of the diurnal uver tliE noclurnid excretion in Ids formpr e^tperi- 
merits was entirely owincj to the circum&tance that the fro^s were 
emplnyed for the dav-experimentB immediately after their eaptuiT, 
vhile tlie same e_vhauBted animals were again used for tlie mght- 
observalions. Mardiand has, therefore, also been led to the 
condusinii, that the influences of dny and nij^ht are very incon- 
eidcrahle, and that the slight diminution in the excretion of t^ar- 
honif? acid during the ni^bt can only be referred to the more quiet 
condition of the animal during thnt llnjo. 

It might, a prior'u be concluded tiiat those inttnial cifitdltioan 
cf t/ie fimmat orfjan'tsm which are closely connected with 7itiintion, 
and whichy therefore, have a direct hearing upmi the constitation of 
tlie bloodf must exert the most marked intlueuce on the respira- 
tion ; and such indeed has beer proved to be tlic rase by various 
^vpcritnent^ on the reapiratory functions during digestion, na well 
ss during fasting, and after the u£e of certain articles of food and 
driiiV. 

On passing to the consideration of the condition of the reapira- 
tion tlnrirtff cofnpi&U abgtinence ft^m food^\f^ find thixtallcbsePTers 
coincide in this point, that fasting e?isenliaily influences all the 
cxcretionsj including that of the lung3> Lctcllier found t]iat lOCO 
grammes' wcif^hl of turtle-doves, winch eshnlcd 5"liy7 granimeB of 
carbonic acid in an hour wfien they were Fed upon grain, excreted 
only 4"! 20 grammes of this gns within the same time after having 
fasted seven day*, Boiissingciull,' nuule n siiinlar observation on 
the same finimals, and fouud that 1000 grammes' wci-^ht of them, 
which hourly exhaled 4*lf>9 grammes of carbonic acid when fed 
with fuillet, yielded only 2"(»j0 grammes after a seven days* fa.qt. 
Marchand has very carefully investigated the diminution of the 
respiratory product.^ and their relation to the absorbed oxygen in 
ffoga while fastini;. His numerous series of esperimeiilSj some of 
wliich embrace loop intervals of time, appear clearly lo shjw that 
these animals gradually ei^liale less carhunie acid, and absorb IcJi-S 
oxygen: it is> lio\vever, worthy of notice that the ratio of the 
abaorbod oxygen to the exhaled carbonic acid, always rises tintil it 

• Aim. dp Ohim. el de PhyB, 3 S*fr. T. W, p. 433, 
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readio ttie proportion of a1>oiit 420 : 200* when ihe gtrat qoftntitT 
of oxygen must jiccc^.'^arily be CTnplo)-ed for the oxidation of iK< 
|]\drageiu This ratio 1>eci:riit^ &ub«eciueniljr to cbani^cd (^Wn^ 
300: lUO, or evp.n 270 i 100) that tlie oiygen is scnixely suffi- 
tient fur the formblion of corlionic iijcid« This lower nXia \htn 
renuuTia tolerably con^tarl. 

It would itpjiciir from t}ie extensive inrestigfttioTiB of Rcf^tiautt 
mid Reiset, that there exists almost one urifjnii ratio for the rruM 
iliflerent animals iii rtsj^ct to the composition of the aJr uhiclL a 
expired during fn^liiig. The consiimption of oxygen ia invftnoblj 
less in fasting than in well-fed ammnls ; thus, for instuce, 
lOUJ grammea' weight of rnhljilSj whicb when fasting nhsorhed on 
un average only 0'7-ift lif a gramme of niygen, t<iok up when well 
fed 09 much as Q-S77 of a gramme- A much smaller quantity of Ui« 
absorbed oxygen renppcftTS in the carbonic acifl xvlicn ftnimals arc 
failing than when they are abundantly fed upon amylaceous tab- 
stanrcs. Thus, for instanee, irj rabbits fed upon carrots, from 
B'l to 95 J- of the absorbed oxygen were expended in the formation 
of carhouic acid, while only from 76*2 to T^^'^S i^erc eonaotmd 
in this manner when the animsils vere fasting- Regnault and 
Reiset frequently observed an iibsorplinn of nitrogen hy animolt 
during fasting; this being almost invariably the case tvitli binb^ 
hut cf rarer occurrence in mammals. 

Bidder and Schmidt* have made two admira1>te seriw rf 
e:tperimenta on the renpiniiion of eats, when these nrrimak vfts 
entirely deprived of solid food. A cat weighing 246-1 grammn 
exhaled Cl>9"52 grammea of carbonic acid (= JlJO'78 graoiaiea of 
carbon) and 525"'j7 grammes of aqueous vapour during 18 dayf" 
inanition. A quantitative determination and analysis of the other 
excretions ahowed that here, almost exactly as id the case of 
Regnault and Reiscl's direct observations, only 76'5 grnmmts of 
every 100 parts of the oxygen absorbed during inanition were 
eliminated with the expired carhonie acid; and further, thit 
7j'I5 parts of aqueous va|>our were exholed with lOO parts of 
carbonic acid (the animals were rery rarely permitted to driak 
water), whilst 41'72^ of the water exhaled were eliminated by 
perspiration- When we compare the observations made oti indi- 
Tidual days during this series of e\perimenlS|.we obtjun the follow- 
ing results : the absorption of osy^en decrease* constantl) to the 
death of the animal, at first very rapidly [aljout 2 grammes in th* 
24 hours cloring the first few days), and then more slowly an<i 

■ OpP «it pp. 504 et 340. 
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regiilnrlv (&hoijt; 0-2 of a gmmme in the 24 houra till tlie tliirieentli 
day) i tlii* decrcDse ts finnlEy more rapid (hIjuiiE 2 gramnies) till 
the close of the period of inanition. The quantity of inspired 
oiygen which is not expended in the formfltion of carbonic acid 
decreases at first very rapidly, but afterwards witli tolerable 
rcgolnrity. At Ibe tommencernei>L dF the evperiment SOJ were 
esptndod in the formation of carbonic acid (on the second day 
IV'^'ih ft"<I »t the close of Iho oxpcrimcot only 73'OE. The 
quantity of clatly excreted carbonic acid decreases with tolerably 
uniform rapidity during the first six dav*, hut the diminution is 
much more gradiml daring the succeeding sis days, hnd again 
more rapid during the remaining six days. If, howeverj u-e cora- 
jwre the daily excreted carbonic acid with the daily wiiste of 
tisane^ z.% calculated by Schmidt, we obtain the foUowiiii; aLrikiug 
telationi at Jirst thequantity of the cscreted carbonic acid scarcely 
a.mouDted to double the quantity of wasted tissue, in the middle of 
the experiment it was 2| timRB ns greatj and at the close of the 
experiment it was even triple the amouTil. This waste of tiaaue 
yields, tlicrcfore, a relatively much smaller quantity of carbonic 
»cid at the beginning than towards the middle of the period of 
inanitioEi, but the largest quantity towards the close of tlie experi- 
ment. As we may already calculate from the composition of the 
^^fc t^nd from that of the nitroc;cnoiis ccnbtituents of the body 
Bf|lfter deducting the carbon accompanv-ing the nitrogen into the 
W urine and foecea), that tlie former Kuppliea tbe respiratory process 
' with Tb'lJE of carbon, while the albuminates yield only about 
46'ljf, it will be readily aocn that we may easily conipute, from 
ihe amounts of carbonic acid and nitrogen which are excreted, 
whnl are the relative quantities of fat and of alhiiniinote^, together 
vJth gelatigenous matter, which are daily submitted to metamor- 
phosis. The relation between the quantities of excreted carbonic 
acid and the loaa or waste of tissue^ muy therefore indicate what 
proportions of faL and albumioates are ctnisonicd during ioariitton ; 
this ia n Buhject, however, to which wc shall presently have occa- 
»iii>n to revert. 

The quantity of a^jueoua vapour which is daily exhaled de- 
creases during iomtitioii with tolerable slowness and regularity, 
but this decrease is aomcwhut more rapid at the ljct,'tnnitig and 
end of the experiment. 

In the second series of experiments (the subject of which was 
a full-grown mule ait, into whose stomach a large quantity of 
water had been injected), the ratio of the absorbed oitj'gcn to that 
vol,, in. 2 a 
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which vcaa exhulcd \Fith the cnrhmiic tioid WM almost prpciwlj 
the jiame us in the farmer case, nnniely IfX) : 75'S, There wi 
9S'7 grama^GS cf aqueous vApour exhaled fvi 100 parts of r^irboi 
acid; orily 21'05SJ of the excreted water was ehininat.ed hy 
akin arid lungs- Whilst, hotverer, in the Brst cascj where no 
iiigcstiuii of water uas allowed diiniig iTiaiiirioci, lh*fre were duiy 
exhaled on oil average 2rG41 grammes of carboiitc acid for 
1000 ^rummca' weight of the auimnlT and 16'26l grammes of 
aqueous vapour; while in the latter cose, where water wa* freely 
giverij 16"30 grammes of carlwmic ackl and IS'fiO graiEimcs uf 
aqueous Tnpour were yitlJed hy 1000 ^ammcs^ weight of tW 
animal; the loss whs therefore far less corisiderablc when water 
W&.S allowed than when both Buid and solid food were nnuj- 
Uiieously withheld. 

The omission of even a single meal altera the relations of 
respiration very considerablyj as is clearly sliown by Vierordri 
ohservationa on the influence of digestion. This observer, who 
was accustomed to dhie ut half-past twelve, noled the following 
relations in his own person, which sliow that the principal m^ 
everts an influence in this respect which we could scarcely haE^_ 
anticipated. ^| 
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We may see from this table that the individual rcspirat 
functions constantly diminish in activity after the last nie^ {or 
Fasting), and that the ingestion of food Tery rapidly indut^es 
very conaidcrable increase in their intensity; the volume of eacli 
inspiration js, however, dirainiahed in the latter eascj as we ta*y 
readily comprehentl from anfttomico-mechanical relations. Vierordl 
has, moreover, convinced himself tJiat there is a similar augmenta- 
tion in the excretion of carbonic acid whenever dinner is partaken 

■[The rf/fiivt haag dF mnro impottonof iu lliis tahl*" thcui the t^m^tlt 
TaEqcSi -ws Imve nat dt;emf!d it □cci!«ar7 to rvduoe lIlu i:ubic contlm^trei W 
ncbCT.— o, t. p.] 
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of aL a (llfTerejkt time of iTie clay, and that tliis inrrease is both 
Tclatirely ntiti absolutely greater in the colder seasoji of the >eiir. 
Thi& observation correspunds with tlie n^iiUs yielded by the 
experiments made by Barrid* on liis owr persoTij m which lie 
found that he excreted one-tifth mivre carbon through the lungs In 
winter than in summefi 

Schorling also fojtid by bis method of esperiment that man 
eyhales more cftrhonic acid under like conditions when he haa 
eaLfn .1 full meal than when he Is fasting. 

It has been proved by various eNpenments that tlie prodacts 
of respiration must also be influenced by the cheniicai nature of 
the Jaod. This mightj indeed, have been conjectured froiri the 
experiments of Dulongf snd DeapretKjJ on the differences in the 
respiration of herbivorous and carnivoroua animals — results wliich 
have recently been confirmed. Dulong found that the ratio exist- 
ing between the oxygen employed in the formation of carbonic 
Bi^d and the oxygen which either remained in the blood or com- 
bined with the hydrogen, vus altogether diticrent in herbivorous 
and in carniv'orous animalsj for whilst in the former there was 
only about l-10lh more oxygen absorbed than was contained in 
the e:5pin:d carbonic acid, aa much as l-5tb,or even the half oFlho 
Absorbed oxygen, was employed in the latter for other purposes 
tlian that of forming carbonic acid. Lnasaigue and Yvart thought 
they had coryinecd theinselvea that gninea-nig^ absorb l-5Th more 
oxygen after nitrogenouH than after vegeLjd>!e food. Letcllicr 
found that 1000 grammes' weight of turtle-dovca csihaled 136'5 
grammes of carbonic acid in 31 houra when fed upon miUet, 
I27'6S grammes after being fed for 3 days on sugar, and only 
lll'Sl grammes of this gas after being fed for 5 days un butler. 

The experiments of Kcgnault and Rcisct afiord us still further 
insight into these relations ; for tliese observers found that a 
much larger (|uantity of oxygen was employed hi the formatitni of 
CQrbonic Bcid> when dogs had been fed on amylaceous substances 
than when the food had been of an tmimal nature; in the latter 
tfaae only 7^'^ of every IIH) parts of the absorbed oxygen were 
found again in the carbonic acid, while in the former case 
OrS parta of the oxygen were employed in the formation of 
carbonic acid. Nitrogen was also eliminated during a vegetable 
diet, although in far less quoJitity than during an animal diet. It ia 



' Ann, do Chiin. fl Jc Phfs, 3 S^r. T, 25, p. lOS. 
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worUiy of noticOj that a dog which had been fed on mutton s 
neilher e\hu1oJ nnr aliscrbed (iJtrogen, and that oiih' 69-43 of ihc 
absorbed oxygen were employed in tbe formolion of carbonic a 
A considerable ahsorption of nitrogen was observed in hens wh 
had been fed on animal food after several days' stanration, 
when they had become habituated to this kind of food they be^' 
again to develope nitrogen as in the normal condition : it was also 
found by cspciiraents on these birds that a far smaller quantity of 
the absorbed oxygen was found in the carbonic acid when they had 
been kept on animal food ; in two cases there were only 6^3 of ihe 
absorbed oxygen present in the carbonic acid vihich was eiha 
On comparing the di^crent c\pcririents mude on dogs and r 
bits, we find that^ when considered in reference to their diet 
e-ategories, ihey agree perfectly with llie results yielded by Didon 
obscrvotiona on the respiration of oiiimals. It is also fou 
that after an animal diet the interchange of gneea in the lunga 
very similar to what we observe during fn^ting; and this obse 
tion, which has aUo been made in reference to the urine and the 
other escretions, seems to be eapkined by the fact that fasti 
animals to a certain degree live upon their own flesh. 

Although our atteittioTi is at present most especially turn 
to direct observations, and although we shall treat fully of ihr 
influence of diet upon the molecular movcinents in the auiio^^ 
body when we enter upon the subject of "Nutrition," the oai^| 
flidcration of the question, how far the nature of the food partaken 
of influences the absorption of oxygen and tlje excretion of car- 
bonic acid, can scfLrcoly bo dccnicd out of place in the pr^ 
part of our work. Tn considering this Bubject, we have to 
our stand upnn a postulate, the inductive proof of which we d€ 
for the present; we assume that ell the carbon and hydrogen (J 
the fats and carho -hydrates derived from the food are entirdy 
OJtidised in the liuing body into carbonic acid and water. U 
must be obvious to all who are aequainted with the compositioa 
of these substances, that \ery different quantities of OKygen arf 
required for their perfect oxidation. The mean composition of the 
fats is about 78-13Cj Il'GlH, and 10'UO» The oxidation of the 
carbon (into carbonic acid) and cf the hydrogen, which are con- 
tained in 100 grammes of fat, would require (208"55 + 93'$S 
grammes) = 303-27 grammes of ostjgen; but aa the fat already 
contains 10'13 per cent, of osygen, it would only i-equire to 
absorb 292*14 gTBmmeH of oxygen to efiect its entire combustion 
into carbonic acid and water- When we compare the compoMtion 
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of sugnr with that of fat. we aee at ttie firat glance that the carbo- 
hydrates require far leas oxygen fur tlieir perfect osidution thfin tlie 
fiita; in the carbo-}iy Urates there is no hydrogen to oxidise, since 
the oxygen wliiirli they alrea^ly coiilaiti is suflicieut for the oxidation 
of the hydrogen: hence the carbon is the only substance in them 
requiring oxidation, nnd tlii^ substance is moreover contained in 
taT less quantity in the earbo-hvd rates than in the fat for equal 
weigiits. Certain organic fLctds, such aa tartaric acid, citric acid, 
and malic acid, which, aa is well known, occur in many (trticks of 
foodj contain so lar^e an amount of oi^ygcn that it not only suffices 
for the oxidation of the hydrogen, but in part also for thaf of the 
carbon also- 

In reference to nitrogenous substances, we cannot, however, 
grant the postulate that all the carbon and hydrogen h consumed 
in the animal body, for we know that the greater part of the 
nitrogen in these substances is not removed in a free state as 
ammonia, but in combination with carbon, hydrogen, and a little 
oxygen, by other means than through the langs. Hence we are 
led to inquire wlsether, and to what eittent, the nitrogenous 
nutrient auhstancea yield materials for oxidation^ and consequently 
how much carbonic acid and water they arc able to furninh to the 
Tcspiralory process. Aa we have already aeen that the albuminates 
and coUngen are cnpjdjle of supporting respiration^ we are induced, 
in explanation of their reapiri^tory value, to adopt the provl^ional 
hypothcaia that tlieae substances arc merely decomposed into 
mrbo[nc acid, water, and urea in the animal body, although we 
know that there are formed other nitrogenous prodiiL*ts of 
eicretion beaidea urea- But since the quantity of urea which is 
produced preponderates very much, and since in many organisms, 
as, fur instance, in the carnivora, urea is almost solely formed, 
tills hypothecs deserves some notice in our consideration of tlic 
average value ofUn: amount of oxj'gen employed in the oxidation 
of the albuminates and the collagen. Wc therefore al>stract from 
tlic composition of llie albuminates and other nitrogenoua nutrient 
substances an amount of urea equivalent to the quantity of 
nitrogen which tliey contaiik If, for instance, we assume that tlie 
composition of the albuminates without the auljihur and salts is 
54-3ai;C, 7'27SH, l6'0;i;[X, and 22"32^iOj there will remain, 
aiter the abstraction of the quantity of urea (= (J-fiflC, 2-29H, 
and 9MaOJ equivalent to the 1G05 parts of nitrogen from 100 
parU of ail albuminate, 47'48 parts of carbon^ I'dB of hydrogen. 
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and IS*14 of oxygen- Tlie following Xahle wiU give a cleai 
representation uf tlicse Tclationa : — 
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If wc cDHBider these rclaticrns in their bearing on the dcTcToi 
nieiLt of lieatj we shell be able to construct a table suc^h as Liel 
long since Migge.^itetl, which would indicate the different values 
these subsljmcca in aupporting animal heat. Such a cikulatJi 
may readUy he niodcj if wc lake as the bftsis of oiir computationi 
Dulong's determinntions, according to which 1 gramme of carbon 
develops 7l7t) uiiltK of liCiit in ita combination with oxygen W 
form carbonic acid, ^hile L gramme of hydrogen givea off 34*00 
units of heat during the foTniatior of ^^atcr. Although it cannot 
be denied thst in an cquadun of this kind a number cf functions 
must be taken into account which caiinot be deduced from iht 
chemicAl composition alone, it is, ncTcrtheless, perfeclly dear 
that this is the only point of \ievf from which a rational theory 
of animFd heat can be formed. The present, however, is not tlie 
fitting place tu enter more fully into thia subject. If we limit our- 
selves to the process of rcapiratiouj wc obtain, from the above 
tabular exposition of the different amounts of oxygen required 
for the complete oxidation of these nutrient substances, certain 
numbers which may he regarded an rtsp^atury eijulvalents. ]f, 
for instance, wc aaaumc that nn organism in the full pcrformanre 
of its vital functions must absorb lOi) grammes of oaygcp 
within a de6nite time, the following quantities of the above-men- 
tioned subatcincea would be ucccsaary, in union with T00gramm«< 
of oxygen, to satisfy the itquircmenta of vitality ; namely, 34'35 
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gTftmmea of fat, 84-37 grammea t>f starch, D.J-?^ grammes dF sugar, 
120-80 gramme* of ninlic acid, 65-23 grammes oF albuminates, 
73'77 grammes of collagen, ot eS'Ol grammes of [dr\-) muB(!ular 
aubstance- No cne wiio has followed our development of physio* 
logical chemistry can fora nioraent suppose that any one individuftl 
substance tnkcn from this seriEa can of itself scn'c the purposes of 
vilfllitVj pTovided even it reach the organism in the equivalent 
quantity; und in the following spction our attentirm will be espe- 
cially directed to the ijiquirj' o( the proportion in which several of 
these substanccfl require to be mixed in order to render them 
capable of supporting tbo vital functions. These numbers must, 
therefore, remain merely as proportional estimates of their relative 
Talues in respect to tlie functiurjit depending upon the Intereliange 
of gasea in tbe lungs. 

This table suj^gests another coTisideralion, which may throw 
some light upon the difference in the relations between the quan- 
tity of oxygen which is absurbed ai^d tliut which i^ exhiiled in 
the fomi of caTbonic acid after vegetal>!e and animal food respec- 
tively, in as &r at least as these relations have been made 
known to us by the eitperiments of the inquirers already referred 
to. if, for instanv;?, we assume that the interchange of gases in 
the lungs is for a time merely the result oF the combustion of a 
single one of the aboi'e-nnraed substances, we should find, when- 
ever pure fat was subjected to oxidationj that for every 100 parts 
of absorlied oxygen 71 '^- parts are contained in the carbonic acid 
expired during the interchange of gascain the knga, while in the case 
of starch and all the other carbo-hydrates 100 parts are Found in 
the exhaled carbonic acid, in malic acid 110"53 parts, and in the 
muscular substtince 83"60 part**. When we conipare these numbers 
with the results obtained by Regnault and Reiset, Bidder and 
Schmidt^ and other investigators, we discover the reason why, 
after vegetable food, a larger per-centage of the absorbed oxygen 
is found ill the expired carbonic acid than iri the case of the 
carnivore, for the food oF the latter class of animals has relatively 
more hydrogen to be consumed than the food of the herbivora, 
and on this account we observe that the proportion exhibited in 
fasting animals, which to a certain extent may he sfud to live upon 
their own flesh, is very nearly the same as that noticed after the 
use of an animal diet. 

The above remarks on the influence of the diet generally, show, 
however, chut ilie q^ianliltj, as well as the quality of the food, exerts 
a very considerable influence on the amount of the interchange of 
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gkKa occurring in the lungs. Tliere must, liowever, he a cwtaiti 
Uinh ff»r erery orgBnism, bejonJ wliich the abitorpiion of oxygen 
anJ ilic excretion of carbuiiic ackl cniinot pnss. Wc hare alreni^^H 
seen {|ip. if48-2G8} tlint the j^bsGrption of nutrient matter from U^| 
itite^tinnl cn-niU can only lie carried to a. tertain extent^ and ve 
have furLlier conviuced minidves that nDtwillislojidirig thisliiutb^H 
tton of resorption, a far larger quantity of nutrient matters i"i^| 
enter into tlie msss of the fluids thaii is necessary for the m^n- 
U^nance of the vital fiincti(»ns : i^hitc we finally observe that thin 
excera of absorbed food, trlien it consist of nitrogenous inatters> is 
very rajVidly dct'ompo&cd in the blood, and that under these con- 
ilitions Inrge quantities of urea^ far exceeding the normai mean, ve 
excreted. But as we hnve already shown that only a fractional 
part of tbe albumlnflles is ehmjuatcd with the urine, while another 
portion \s seimratcd through the lungs, as water and carbonic acid. 
there can be no doubt that the pulmonary exhalation, as well as the 
other excretions, ia correspontlingly augmented after an eicesai 
u$e of nutrient substances- All the experiments which ha' 
hitherto been made in reference to the excretion of carborikc acid 
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in animals that hare either been highly fcd^ or hare been arti6eial^^ 
fattened, confirnied the above propoiiilion. A% we purpuse rever^H 
ing at a future page to this auhject, we will only adduce a couple 
of expcrinienta made hy C- Sehniidt* on one and the same cat. 
When this animal was taking 142-41 grammes of flesh in the 24 
hours (a quantity which was shown by numerous experiments to 
be sufficient to maintain the full strength and ordinar)' weight of the 
animal], it absorbed 60*1 J grammes of oxygen, and exhaled CS'GO 
grammes of carbonic aeld^ together with 3a'8S grammes of water; 
whilst during the consumption of 247'32 grammes of flesh it 
absorbed 103-84 grammes of oxygen, and expired ll.3'53 gramm^H 
of carbonic acid and iJ'HG grammes of water. Regnault nn^^ 
Rct9et's experiments also exhibit similar results in the case of the 
herbivorn, for we there meet with several coses in which the eicefi 
of tUe absorbed carbo-hydrates may be disllnctJy recognised by the 
proportion existing between the absorbed oxygen and that which 
is excreted with the carbonie acid^ this bein^ in many cases as 
100 ; 55, or even as lOO i 91*'7j consequently nearly the ratio 
(namely as IfJO : JOO) which accords with the requirements of 
theory after the use of pure sugar or starch. 

The above circumstance leads us to a prjint, which although it 
will be considered with all the attention which it deserves under 
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head of "Nutrition" must not lie suffered to pass without 
ie notice in the present place. If, for instance, we consider Ihe 

of die aljsorbed oxyi^en to theosygen which ts agam separated 
th the carbonic aeid), we j)ert:eive that it esseniially depends 
tn the quality of the food { but yet after the abundant use of 
)o-bydrates the ratio calculated from the above considerations, 

1 never correspond with that which is found by direct experi- 
nt: tlma, for inatance, if we feed an animal an pure starch, we 
U never obtain the required ratio of 100; 100, that is to aay, 

whole of the osygen absorbed will never be contained in the 
ired carbonic acid, because a fraction of it will be expended in 
furraation of water, for the simple reason that this ratio does not 
end solely upon the food, but is niodilicd by the combustion of 
nitrogenous organic parta which are destroved during vital 
vity- During life tlifise nitrogenous substrata which hare been 
servient to the functions of tlie organiani, are continually be- 
ling effete and unfitted for further use, and finally reduced to a 
£ of oxidation, for the pufpose of being eliminated; these 
lies consurne a portion of tlie oxygen in tJie oxidalion of their 
Irogert, and, consequently, this ^>ortion of the absorbed oxygen 
tot exhaled as carbonic acid, and the ratio of the absorbed 
gen to the eKhaled carbonic acid differs, ibereforej fironi that 
ch we mi^ht assume from the composition of the carbo-hydrate. 
! have thus merely to inquire how much nitrogenous matter ia 
troycd during the normal course of tie vital movements, and 
it fraction of the absorbed oxygen ia consumed by it. To find 
amount of this coe^ctcnt for overy organism, constitutes a 
blem in the physiology of nutrition- We should, therefore, 
aaint ourselves with the typical consumption of the organic con- 
aents in order to find the proportion which essentially expresses 
respiratory process, or this respirat^iry function. If, howeverj 
tnew the typical amount of the daily Ios:i of tissue, we migfit 
r readily calculate from the quantity of the consumed slurch, 
relation existing between absorbed and exhaled oiygen. The 
of tissue, consisting of albuminates and collagen yields, oa we 
from experimenU oa inanition, the ratio of 100 ; b3'G ; if now 
^sprees the magnitude of the typical consumption of nitroge- 
i matter by c, and the quantity of the consumed starch by a, 
proportional number for ihe excretion of carbonic acid might 

r easily be deduced from tlic formula ~^~^ ~:^ T*c cspe- 

aata made on fasting animals warrant the conclusion, that the 
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nitrog^iDiu matters alone iu their typical atnouiit e do 
fioe for the requirtments of the vttal functionit bot tiitf 
■uoe time a certain amount of non-nitrogenons matter (dii 
each organism) must be iubjected to oxidation; wfaen^ ^ 
the carbc-hydratea arc entirely wanting and the bHhud^ 
only auffioent for the restoration of the tiaaaea, tKe faX ia'ij 
in the accompliahment of this object j hence ita qoM 
minimum of the neceaaary non-nitrt^nons comfanatibli^ 
— may eaaily be calculated, if we know the typical amonaff 
genOQfl material* undergoing metamorphosis, and tlw |^ 
which exists during a state of inanition between tlM^t 
oxygen and the oxygen which is excreted (in combinatioalP 
bon). From the atiove observations we learuj that the prtjp 
nGmber(f6r the oxygen in the carbonic acid) after the nae of | 
is 71'32 ; if now we designate the typical expenditure of ■ 
ates aa c, and the proportional number in a state of wm. 
found to be 75'0» ^e obtain according to the umplifiel 

^^^fi^if =^, the quantity of fat which is conanmod 

with c albuminates. 

We will not extend these remarks, since no farUiir 
necesaary to show how extensively the observationa alraa 
on the relation of nutrition to the process of the excrotiD 
bonic acid may be applied to many other momenta of 111- 
of respiration* IVe, at all events, obtain some fixed pent. 
port for numerous investigations on the metamorphosia c 
generally. 

Although in our considerations of the influence fli 
ordinary food upon the respiration, we have deduced the . 
the observations in question from purely chemical relar 
should greatly err were we to adopt the same method in 
to certain substances, which are occasionally introduced 
food into the organism^ such^ for instance, as the elhc 
alcohol, thei'ne, &c. We do not mean that these aubatai 
stitute any exception to this fixed law of nature, but the b 
effect which they produce reminds us that there are nert 
animal organism which exert the most important influeu 
its functions, on nutrition as well as on respiration, and 1' 
sequently, they in some degree disturb that uniform ■' 
phenomena which we might suppose would result from ' 
Liws, We cannot, therefore, believe that alcohol, the- 
which produce such powerful reactions on the nervoniH 



belong to the cUn of f ftlKtaiic«» vlocfc 
toirard^ the TUftuitetiance aiihe nt>] fiBrti^tt- Vc 
in^lancp, in the c&se of aknfiol, vtafc v^bb tah^ m 
dimhiiahes the puJmoBarr i itiilj^ajii m 
Vierordt, like Proot, foo&d l^at ikc 
u both absolutely and retftindf 
tue of wpirUvomt driakt, Hr fai 
tiott, Uiat the increased excretion of 
panics digestion was conaulenblj c^ce 
Sirori|^ lea ex^rt«, accordiog to ProM, 
on ihe respiration as ■ipiritiioua drinks 
Stttp occ^ona a very i iniiiilfitHr 
oFcarbonie aetd^ a» ve kara cfaafltfy i 

rling ; thus, for tnituioe, >■■■ vte diMMg tfct ^f ^^h^ 
dintrTr after dinner expired ^"49 ^a^^atm^ w^katB^ 4*^ ^^7J 
^ininca in one boor during tbc li^s i» ihc oac «f aHAv 
man, the ratio of the carbonie abd ceiled ^awf ^"F "* **" 
liaur in the night to tint 
innpr, was 31"39 : 40-74- !• 
hwu^* that 6'156 graniDca o£ 
oLfiJL'd during one hoar m t^ 
of birds, whilst the saine birds i 
It ihir night. 

Kegnault and Rciact hare i 

^ respiration daring the hjlwn»lMB of 

Ad enormous difTererce^ eonip ai ied «ilk A« tvlcMig aMi 

imnis; thus, for instanoe, 1000 gnHBO^ vci^A of 

^>«Tir1i in their fllcefnnf rtifte faioBMHOtttOMScilttS 

X \:;i;iL hourly, vrhilat in their wdiiig iCMs Aff 

7;^ to IU9S grammes. In the BiMpiag MteiAi Ottly S^^f of 

»h«orhed oxygen pasA Inio tlie c af ho pi t «ndt vkdit io tk* 

ing atatc the quanbty amoiuiU to abod 'S%* b Mn> <jt ibe 

cxperimcntSf these ob i c r Tef y lonnd xkast tW BanaoCa ia tikdr 

(mg state exhibited • eotuidevaUe abaotpbon oC nkrviseii, 

tfiey exhaled nitrogen like *Aa maamak^ vhen w their 

^ul state- iVa a large part of the afaaotbcd oxj^fm fcaaifti Ia 

oocIt of the sleeping animala (aiiKe onjj a amll qaantt^ m 

Aded in the formation of earbonic acid, and the water which '%% 

'H does not evaporate, oaing to the low tempersturc of the 

il], and nitrogen b absorhed, we hare an explanation of the 
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fact first observed by Sacf, t.liat ilie weight of the ixi<l)' is getieniH^™ 
although not conataTitly, incroaacd during the hyhernation of 
marmots, ^H 

These inquirers arrived at similar results in reference to W^ 
influence of hjWnation, or the sleep induceil by eipnaure to 
cold, in their experiments on lizBrrfs- 

It may readily be seen, from the ratio of the oj^gcn coni 
in the e:%pired carbonic ftcid to the inipired oxygen^ that orh 
very small qimjitiiy of fat can undergo oxidnlion \n the bo 
the lijbernaLiog marmot C^hile the nitrogenous substances are atill 
lesd implicated in the process), for the substance cansumed nil^| 
be far richer in hydrogen ; the carbon being to the hydrogen ^^ 
2}'2fi : 5"41, or, according to the atomic weights, very nearly ns 
2 : 3. (Tliis substance would therefore exhibit a composition not 
vcTy often met with in organic chemistry, nacnelyj C^ Hg + s H 0») 
If, with this abundance of hydrogen, ammonia or auy amitioniacAl 
alkaloid should be formed, we iieed scarcely wonder at tl»e great 
absorption of nitrogen which ilcisct and HegnauU observed. At 
the same time we must Ijcwore of drawing too wide a conclosiun; 
for besides the hypothesis already arlvanced^ it would be con- 
ceivable^ a[id perhaps more probable, tliat the oTtygen absorbed bv 
these nnimala during their hybernation combines with only the 
one part of the liytlrogen in one constituent of the body, and thuj 
generates relatively even more water Than carbonic acid ; thus ihe 
atomic aggregate C, Ilj would be abstracted frcnn kucIj a substa 
by the inspired o^tygcn, and the substance itself would not ih 
fore be perfectly oxidised. 

Renault and Reiaet found that marmotSj when ibev awake 
from tlieir hybernation, exhale an extremely large quatitity of 
carbonic acid, and consume more oxygen than at n aubsequciit 
period of their waking slate — an observation w>deh corrcs]>oarf» 
with the f;ict noticed both hy Prout and Vierordi in their eiperi^ 
nients on man, that the aet of waking was followed by a verr 
abundant excretion of carbonic acid, which again dimtnishe3 
half-an-hour or an hour. 

Bodily exercise increases the cxbabtion of carbonic acid in 
tlie same manner as we have aliuwn that a state of rest diniinishci 
it — a fact Avhich might have been inferred from the above relations 
of the respiratory movemcnis, but which Is also proved by dtreci 
obaervatioji. Seguin,* one of otir earliest o]>serTers, found that h* 

* Op. dk, Pp 3S7. 
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consumed far more oxygen during violent boilily e^iereise than 
dunng B sf^te of rest. Prout found that at the loni men cement of 
moderate exercise thcTC was a relative eiccaa of carbonic aeid in 
the expired air, but during prolonged violent eiercUe there was 
less of this gas than in a state of rest. Vierordt convinced himself 
that the ab&olule as well as the rclutire quantity of carbonic add 
was increased after moderate exercise, and thia result ia in perfect 
conformity with the experitneatft of Scliarling. H. Hoffmann* 
found that the sum of the products of perspiration of the skin and 
tungs was much more eouMderable after prolonged motion than 
ofler prolonged rtst. Every one who has instituted experiments 
on the respiration of animals must be aware tlint tliey expire far 
more carbonic acid when tTiey are lively and active tlian during a 
state of repose* 

St'har)in';'s observations do not entirely exclude the suppo- 
sition that mental exertion may induce an augmented excretion of 
Cfirbonie acid. 

The experiments instituted on man and animals, with the view 
of ascertaining whether oj^t exerts any influence on the rcapiration, 
prove that considerable weight should he attached to this relation, 
Andra! and Gavarret, who made tolerably complete obBervations 
on the absolute quantity of exhaled carbonic acid, found that the 
quantity daily cjipitcd increases, or an average, to the 40th or 
4^tb year, agreeing mainly with the development of the museuJar 
system. In Scharllng^s experiments, the two cbihlren experi- 
mented upon {one a boy aged 9? years, and tlie other a girl of 
the age of 10 years) expired ntniost double the amount of carbonic 
acid exhaled by adults, if we calculate the excretion of carbonic 
acid for an erjual biidily weight ; but where the latter la not con- 
sidered, wc find that Scharling'a results agree perfectly with those 
of Andral and GavarrcL The observations made by Hegnaiilt and 
Reiset on animals &re also in accordance with these experiments 
on man, for it was shown that in HiiiinitU of the sjune species, for 
equal weiglits, more axygen was consumed by young than by adult 
animals. 

With regard to the influence of sejp on respir&iionj it appears, 
from the exjieriments of Scharlin^ as well as from thoht: of Andral 
and Gavarret, tliat males e:tpire more carbonic acid than females 
— a relation which obtains even in childhood, for hoys eliminate 
more carbonic acid than girts. 

Ai SchErling** observations must, for the present, to a certain 
* Ana. d. CL. u. Ptumi, I3d. 46, S 2J5 
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extent, Ijc ivgtirdetl as nlfording the tiormal tiiunbcr^ for the 
excretion of carhoruc acid iti m&n, we subjoin bis averse relatiouit 
for utie bnur : — 



&ulj«t. 


Age. 


Wpigbt. 




Amomil of larlioiiii: 
acid exitiml in mm 
bourfbr ma^ 1^ 
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16 
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28 
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17 
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yi 


*^w 


70-3M 


A-«t^ ^J 


Oirl 


lU 


33iW 


19 102 


0-8831 i^H 



Acconling tu AiHlfiil and GQVaTTet,aT] odull mar exhales on bti 
aver&ge from S8'5 to40'3gTa]iimea of carbonic acid in an hour; tm 
adLilt female, when not prej^ant, from S2"0 lo 23"8 gmmmwj 
during pregnancy, 29'3 grairnies; and after the oesaation of raen- 
slmalidn, from 2/5 to 31'9 gramme*. Although Scharfinj 
included tlie products of perspirElion with lliose of respiration^ 
while Andral and Gavnrrcl included onl)' the l^iltcr, their numben 
are yet higher than those of Scharling, It will he readily aeci, 
from the preliminary remarks which we made on Uiis suhjectj tlut 
the higher numhers obtained by Andrd and Gararrct are solely lO 
be referred to the cipcumatance that in their cxpcrimenta the 
respiration was less natural, or at all everts more Trequent, than 
in those cf Scharling, who, hy the use of a commDdions apparatus, 
was enabled to observe a more normal state of tlie respiraliorr. 

Although there can be no doubt that tiic botltiy conalitvim 
influences the intcheity of the respiration, we have no ditwl 
observations in proof of this fact^ unless indeed we include under 
that head the fact noticed by RegnaulL nud Reiset, thai lean 
animula consume more oxyyen and exhale more cnrbonic add than 
very fat ones — a result which can readily be brought into harnjont 
with the observaticm made by Schmidt and Bidderj tl»at h\ 
animals exeretc far h'.is bile than lean ones. 

We now proceed to conttider the differences which have been 
observed in the respiralion of difl^eront classes of animaU; for w 
the greater number of the espi'rimenta made on the respiratorr 
functions have been instituted on aniioab, it ia from them tliat we 
must derive our most valuable results, tnott especially from (he 
esfperiments of Regnault and Reiset, who surpass nil otJicr 
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serrerB in th« valoe and importance of tlieir results. When we 
nsider, in reference to the mmimudia, wliat uifluente !lie tJiirfrent 
Dd on wliich they live may have upon the quftntitative rektiona 
the interdiangc of gaeca in the lungSj we find, on referring to 
e remarks already macic in rektion to thia subject, that the 
fTere^ices whicli have been observed in tlie respiratory rekfujns 
the herbivora and carnivora, do not depend u^jon any dilTerencc 
their orgnmzatioEi, but arc almubt wholly rcfcrrible to the 
Quence of the foud upon which they subsist. For in the same 
inner as we observe tlmt the urine of the camivonij when fed 
>or vegetables, is aimilar to, if not identical Willie tljat of the 
^rbiroraf and that the urine of herbivoroas ammalfl liviug on 
limal aubstances is analogous to that of the carnivora, we also 
id tijat earmvorous anlmalsj which live pHneipally on atnylaceoua 
alters, exhibit the same respiratory relation* as the herbivora, 
id conversely- This fact has been proved beyond a doubt by tiie 
ireful mvestigations of Hegnault and Reiset, and more recently 
r Bidder and Schmidt. We aubjuin a talile of these relations 
I they are given by Rcgnaolt and Reisct* Wc have intro- 
iced it here merely by way of furnitthiiig a general retrospect of 
te whole : — 
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The ab;^olute quantity of absorbctl oxygen and exhaled carbonic 
;id isj however, somewhat fluctuatinL*,whith partially explains the 
peat diacre pane y observable h&tween these results andtlie numbers 
bt^ned by other observers in their experiments ou rabbits and 
Dga, On instituting a comparison between the numbers ob- 
lined by different investigalorsj we; find that the results coincide in 
lis respect, that the carnivora^ when kept upon their oriJinarj' food, 
chale ninre carbonic acid and nitrogen in proportion to their 
eiglil than the herbivora when living upon their ordinary food, 
U has long been supposed that the respiration of birds was far 
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more hcUve than tbai of tnunmilBi bot tfaii is br no a 
iiirnrinhlt* law, an^ mf T«rf prohabf^ d^p^nd nptm xh^ loodr itf 
]irr iif tlio jurmiAU ; since Itens for ln9tjmn,«Hucfa > e l do f Ay, ci^ 
ffuiric very link nmiY ox^rgen lli«n rmMnti, and noC even >o oMck 
udojcft; while the mtto of the abiorbccl oxT^cn to tbc osr^n 
rr*nj>[H'nnna in ihe mitIjoiijc bcii! ii very near^v ibc »»ni« in ban 
nhirb hnvr Wvn fcJ upttd uaU as lii rabbits. V«y diffirrroi 
rrir]>irMory rchtinna exist h\ iboac more tctire birds vfaicii sine; 
murh. nru cotkAtnntly flying about, uid leLdocn M rest cieept 
<KirLri^ 9^\ee]\ llirdn of this Itind confttrae more than ter tinoa 
tlir niTioimi i>f oxy^t^n nljaorbec} by propoftioaaJly more imrtiTB 
binU, such us hen^^ whilM. they also evh«te nearty ten tifi>c» toon 
rhrhimic uclth The experiments of Regnftidt ftnd Reiset «l9D 
ciliibit A prfnt (ilfTeH-nre in tb'is renpertj thai in tte more a^rr 
binia Tar ksa «xyt;eri (only tbiee-fourth?') is employed in ihe 
furmntion of cnrhonic ncid ; but thi» ratio may, LowcTer, prubablr 
be dqwndi'nt iipon the fntt that in the experiments in questMii 
the* hirrU wi-ru fristi:ii^, b^ing aliirnied anil orY their feed. Re^titoh 
hiiil Itiinrt* ttuimivcr, rder ihc ^reat Eibaorption of oxygen snd 
cxhjthttiun i>r curboiiic acul to tit c smallneas of these &iiuuftU,u»d 
<-<>nii<Tt it with the grenter necessity for beat in the smaJtcr 
AiiiiiinU. AUliiiugb* 1 vns lung sin^^e led hy my own cxperitntftiti 
lo csprtfl* the view, Umt the excretion of carbonic acid, in hi 
stood in an invcrao faUo to their Hize, it eppeara to mc that 
nrn'CMily f(»r liivtt mny nfl'urd the most available ground on irbidi 
111 cxplnin ibiK fnct> Tlte cause must undoubtedly be sought in 
the greater netivity and in the consequently more rapid iiieUnior- 
phoNJn iu the more netive birds, although it is unlortuiTBt4.'lv oiil^ 
tbo sniftlliT vnrietios whicli can be employed for such expuninenbH 
If we wern uhle to iiivestigate tlie respiratory equiraleiita of 
vuUurea mid olhiT large birds of prey, T\bjch continue for a lung 
liiiio on the wJnji:, And if yrc could examine them under tiicl: 
naluml relulionSf we should most certainly find them much grcaiei 
tlinn in the ciise of bens, dueks^ geese, fic. Nature mny. however, 
huve endowed «m&]lcr birds with grenter energy and a more rapid 
nteliiMior]ih(>QiLti« in ordr-r to enable them to maintain the sainr 
Umpernture of body u« larger birds. 

Tbe Bmaller birda whose respiratory equivalents we hare given 
hi lln^ futhiMing tiibltr from the nieaii results of Rcgrmidt snil 
Itt'ioct. wore green-tlnrhca, crossbilia, and spArrcws. 

* JHlim1it>r. Otr^c&Meil. L&43 u, 1544, B.S&, 
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Tlie (v/j/,* of IjirJs nilso maintain a prouess of rc^^piration, even 
in the umiicuhuleti alatc ; fre^li e;g% on eirposure to the air, con- 
tinnouslj' eKl^sli? carbonic acid and aqueous vapour, and hence thcy 
lose ciinsiderably in weight when kejx for snme length of time. 
But tfiey alan nlisorh oxygen, aa is mor^ eapeeiaily sliuwii hy tlie 
circumstance that the nir inclosed in the air-space conlaJrts more 
oxygen thnn Dtmospherif^ jiir, nccordin*:; to Bischoff* from Q"22 to 
0*245^, and according to Dulkf from 025 to 0-57^ (hy volume) ; 
but thi:^ lia.^ liceiL denied by Duudriinont and Martin St. Ange. 
The process of respiration becomes more acljve after incubation, 
BJE is obvious from the circnmstance that tUe development of the 
embryo is very nnon arrosted and tbiit death endues in hydrogen 
or carbonir acid gas, as is shown by tlje expetimenta of Viborg, 
Schwann,! and Martin St. Aogc, The greater part of the oxygen 
in the air-apace diaappeara duriuK incubation, and the air is then 
frequently found to contain aboui 63 nf carlionic acid, llie more 
recent e^tperiments of Baudrimont and Martin i5L AngeJ have 
shown, in reference to the interchans;e of Rases during the incuba- 
tion of hens' egg^j that in proportion as tiie embryo becomes more 
fully developed, a larger amount of ovygen is absorbed from the 
atmosphere ard more carbonic acid given back to it. Here also 
the quantity of oxygen contained in the carbonic acid falls far 
short of the absorbed oxyi^en. The eK.perimenta of Valenciennes 
have proved that here too the respiration ia acfximpanjed hy a 
liberation of heat, Tlie following talkie gives the results of the 
experiments, instituted by two of the observers already referred to, 
on e^gBi hut here the total loss of weight in the egg», owing to 
tJie chloride nf calcium in the apparatus, no doubl greatly exceeds 
thff normal quantttV' 

■ fichwciggv's Juiirn, N.iL Bd. D» 8, 410. 

t IW- 1B30, p. 3in. 

% Ue nwDultati* ai-ne altnoBph. ad evoliit. jinlEi io'avA. Berot&nl, 1^34. 

§ Compu wid, T. 17, p- 13J3. 
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SpuUaDzain also founiJ tlial even tlic cg^-slicila [ilonc ahsorWd a 
little oxv^n and exhaled carbonic acid— a circum stance, howcuT, 
which presents a much closer analogy with tiie de(?ompo»it)itn o/ 
other fiiibsTiincrDs, such as fibrin. ^&, than with the rcfLjii ratio n. 

Ill con&idcririj^ tfic respiration oftlic cmphihitXi we shoLl rmtitIi 
refer to tho experiments of Renault and Hciaet (notwit hounding 
ihe admirable obse Motions of Murchand, which we have rrcqucntl; 
noticed), as their results cciliUI alone fiiniisli us with immlier* 
Admitting of conjpamou with the above tables, in as far as lltcy 
have been obtained by one and the same method* In all taiLlii 
points^ howeverj these observers perfectly ajree with one another. 
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We fini^, even aEiion^Ht: the ampliihJB, thut the more acliTe 
creaturea cjfhibit greater rapidity in ttie tnetamorphosi& of matttri 
and therefore consume more oxygen and exhale more carbonic 
acid and nitrogen, than the more sluggish animuls, in whioh there 
i« a less active metamorplu>sis of matter. This relation i*f very 
atrikiiiglj- shown, in Ihc above table, between liaarda and fro^ 
This requirement of the amount of the res pi ml ion is further eon- 
firmed by certain experiment* made on lizards ; in thefiret esppn- 
ment the animals were perfectly rigidj \\\ the second thev were nut 
entirely rigid, and in the third, the results of which arc given in 
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the tnUle, tbey were fully awake and lively. Tlnj linlf torpid 
niMtnals consume about rliree times, and llie p(?rffctly wakeful 
jvnimals riric timea the amount t>f uxygCEi required by tlioae whicb 
were in u perfectly rigid state- The same relation exists in respect 
to the ahsofute quantity of the excreted nitrogenj although we 
^cry frequently meet with the opposite condition in these ani[ra1s, 
namely, with absorption ofiillmgen. as was several limes uolicetl 
in frogs by Rc^nault and Utiset. 

Wp now proceod to investigate tlie products of respiration of 
thtwe animals whioJ* do not respire throui^h lun^*!, liamely, inspets 
and fiabes. Although the furmer of these al>sHrfj atmospheric nir 
directly, Ihe mcchaniam of inspiration and c^^piration ia not the 
same as in lung-breathing auimala. Their pneumatic apparatus 
consists of evtremeh" elastic ramifying tubes, intersected by 
vcBHCb of communication designed far the uniform tlistrihution of 
tbi? air. The expiration in insects is effected by muscular action 
only, while the act of iii:*piration is accomplished solely throaj,*h 
the elflsticity of the tracheal walla_. which not only consiit of Hntin, 
but are aurnmnded by a spiral ibread of that subst.ioee for tbe pur- 
pose oF increasing their eWticity. Tbe air in the Irochero is 
hrmight into free and direct contsict with the enttemal atm[>sphere 
by means of the ^o-called stigmata, in which there is not often any 
appearance of riuscularity. B^' every motion of t[ie insert ihe 
«iniFersally distributed tracheie are compressed, and a portion of 
tbe air which they contain is thus c:ipcllcd ; when the muscular 
contraction ceases, the trncheaSj in consequence of their estrenje 
elasticity, resume tbeir former volinne, and freab air a^iii enters 
through tlie open stigmata into the spaces containing rarefied air. 
Insects are also provided with a special niuscidar apparatus for 
ojrpiration, but this is limited to the abdominal riMg*;, and esliilHts 
even in beetles only 15 or 25 contraiTtions ili a minute, corrc-** pond- 
ing pretty nearly with those of the dorsal vessel. The voUnitary 
find irrei^lar motions undoubtedly exert tlie mi^t imporlimt 
inlnence on the eipiralion of the air in insects, and hence we find 
that the various degrees of animation in the motions of insects pro- 
duce the Tiioat extrnordinary differences in respect to the quantity 
of carbonic Jieid wbieb they excrete, and the degree of aniTnal heot 
wbicb ihi-y exhibit. On tlus nccoum pupae expire only l-llKlth ur 
l-lGOtii |Hirt of the carbonic acid which is exhaled by acatcrpillar 
of equal weight; but yet, according to Hegnault and Reisct, the 
Cvn%umptiorj of oxvgcn by the larva i^f the silkworm is only 
about U^^tH.li less than that bv the caterpllar. 

3 BS ■ 
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Re^iumlt tnd Rciset, u veil m raywM, b^rc ciiperin>CTit«1 on 
tbe respvT^lion of insects, ms had bepfi previon^ly done b^ 
Sp&lknx«iu, SftUsy, vtd TrtTiianos, 

Kebct and Regnault employed codchiJcrs and the caUrrrii 
of the silkwonn when near the time of spmnin^, for their CK 
m^nts on the ivsgiir^on of insects. Tticir results were fit 
follows ;— 
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carbaiuCKid^ i For |>» gT»mm«' weight rfth 
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Id my o^n experiments on the excretion of carb4>i]ic acid in 
insoctSf 1 obtained* die folluving results for 1000 graromea' wci^bt 
of the animkU for one honr t — 
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The respiration of anlmaU breathing through ^j7/j» aa Gshei, 
crustaceana, &c.j differs from that of creatures breathing Uiroii^li 
longs or trachese, masmueh as already dissoh'ed oiygeii b conveyed 
to the blood or the nutrient fliiitl, from which tJie ilis^^jIreJ 
carbonic ocid must be removed. The roechanisni by whidk ihr 
oxygenated water is propeZled to the gills, and Uiat which » 
loaded with carbonic ueid isogain removed, is so complicated, ibtX 
mere iiidicAtiuus of its character would cairy us beyond our limirs. 
There have unfortunately been but few cxpenTUCula instituted niLft 
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gill-brcathing animaU since IliimbolcU mid Proreripal prosecuteil 
their ex]jeriments on the respiration of fishes. We find from 
ifaese observations, which were most admirable for the time at 
which thpy were untlertnVen, that nlso in this form of respiration 
the oxvgen wbicli is absorljed exceeds that which is exlialed in the 
form of carbonic acid, the Ulter amounting in these esperJments 
to scarcely four-fifths of the absorbed oxygen, and frequently to 
only half the quantity. These eicperimenta yieldj however, this 
rem ark able result, that fishes constantly absorb very Urge 
quantities of nitrogen; and they show that fisheSj like other 
animals, transpire oopiously through the Bkin. These animals, 
moreovprT are capable of breathing in atnicispherio air (is long as 
tiieir gills are inoistj the piiidiicts of resplrntion presenting under 
these circumstances the same rehitions to the absorbed ox^en as 
in water, which is an obvious proof that respiration in water- 
brealhing nniraals follows the same laws as those which control 
atmospheric respiration. Baumert* has reeentlv, by the aid of an 
ingenious apparatus, mndc Hcvcral interesting experiments on the 
respiration of the tench [c^prinus iinca)^ the gold-fish {cyprinut 
fflureu*), and the pond-lojieh {cobiiu fossUu). It was shown by 
these experiments, in Lhe £rst place, that 1000 grammes* weight 
of tench inspired on an averse 0'OH:3 of a gramme of oxygen 
in one hour, and exhaled O'Ol.^a of a gramme of carbonic acid; 
while, on the other hand» the same weight of the more lively gold- 
fish absorbed 00409 of a gramme of oxygen, and eliminated 0-0419 
of a gramme of carbonic acid in the same period of time. The 
ratio of the volume of absorbed oxygen to that of exhaled carbonic 
ftcid was very nearly as 10 : ? ; for every 100 grammes of absorbed 
oxygen ~2'^ grammes are again expired with the carbonic acid. 
In reference to the nitrogen, Baumcrt Found sometimes a alight 
Absorption, and sometimes a slight exhalation. In experiments with 
the pond-loach, results were obtained differing in several respects 
from those which we have been describing; thus, for instnnce, 
this tish, like some others^ exhibits a special intestinal respiration, 
for it absorbs air through the mouth as well as by the gills, swal- 
lowing it on the surface of the water, and thus conveying it to the 
stomach. Baumert analysed the air which was ngain eliminated 
through the intestinal canal, and found that it contained much 
Leafi oxygen than the air which the fish had swallowed; the 
oxygen had, however, been replaced by much less carbonic acid 
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tWi ^^t uaublly- meet wittt in brouchiat or jmlmunarj ra^hnti 
Ttic uxygeu whicli is absorbed bv ihe inteUine pusTiM, lhi>Tvfii 
into the mass of tlie blood, and tl>e carbonic AC-id to which 
Ijives rise is not cUmiuated by the intestine, but through I 
gilh ; hciicc vi* also find, from BAumert's ex pen jh cuts, that id 
bronchial I'espimtioti of these animus there is « far 
rxlLcdatiuii uf carbuiiic acid in pruportioii to the iiis[>iret) ox 
than in the prcviously-named JishcSi Special oljserr&tions ftttlJ 
fthoweJ thnt the pond-loach very seldom ensploys tljc in! 
respiraiion in ir&>h water, which cojitains a richer supply 
oxjrgcit. Although in water which is puor i:i thb gis, it 
frcqnci^lly co nca to the surface in order to swallow air ; yet t' 
AitiniaJs do nob appear cnpal>le of supporting life by oijly one o f i 
thrse fiiiteiioris ; they siclcen when respiring thrnugh the gills ijot^j^f 
idinubt 03 qLiickly&A when they are limited to intestinal rfsplralijn.^ 
The experimenla which were made upon pond-loaeIie» by tlif 
anmc method employed n-ith the tench and gold-dsh yielded tJie 
follouhi* results: JUOO gTammes of pood-loaches inspire'l on »n 
Bveratje 00316 of a gramme of oxygen, and exhaled OT3-i43 of ■ 
gramme of carbonic ncid io the hour; these ammal^ thrrcfora^l 
gare r>ll~ more oxygen in the form of carhomi; acid than <hcv bavH 
aibsorhcd through the gills ; *iiice for lOU parts of oicjgen absorbed 
tlirouj^li the jjills, l'J4'3 grammes were eUioiiialed with \he 
C&rbonie odd. This result fully agrees willi the comparative 
analvKeft nmde by Baumert of the air whieh waa swallowedi aixl i 
tlmt which was again excreted through the intestine; for whilst 
air In the iiitesline showed a diminution uf the oxygen anmiinti 
to 6 or II {) by volume, the carbonic acid bad only increased ahn 
2ij ot mont. Unumert's analyaea hitve further shown the prubabvht 
tlint poiid-hjadies always absorb a certain quantity of nilro 
durJE^i^ respiration. 

Of those animals which possess no special organs of respirvtiu 
hut accomplifth their necessary intoff^hange of gasea by the sk 
only, the earthworm ia the oEily one which ha*i been made ih 
subject of experimental invesLigaiioi:, ai'd tlie only experiments 
the kitid, which we possess, were made by Regnault iinci ReiKt< 
Tiiey prove thai the respiration of these ani'nals ia very similarto 
that of frogs, which also respire vigorously thronah the skin, 11u? 
consumption uf oTcygen, and the ratio of the oxygen contained in 
the carbonic acid, are nearly the same as in lU& latter animals: 
1000 grammes' weight of \vorma absorbed in one hour 0'tOI3 tf 
a gramme of oxyi^en, and eihaled U'09Ji2 of a i^ramme of earbonie 
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acid; the ratio of the absorbed 03:j'gen to tliat in the (urbonic 
acid is as 100 : 77"5. 

As in all thcae experiments on aniroala, the cuiancGO^ pcrspi- 
ration has been investigated at the same time with tlie pulmonary 
eithalatitm, it n»ight be supposed lliat no very exact result could be 
obt&ined for the latter, but Llie Jiljine ncnierieftl values are correct 
enough lor tlie hight^r animals, aa marnoiala and birds; for the 
inexaetness is here so slightj that it generally falla short of the 
fluctuations in the errors of observation and other irremediable ar 
incaltrulahle oonditlona. In the case of rfibbiis, (log&j and hens, 
RcgnaiUt and Reiset have, indeed, adopted two methods for the 
niore accurate determination of that portion of the gaseous 
excrelior\ of the animal body which escajies through the skin; in 
both co^es the animals svere inserted in aii air-tlght bag, and 
their mouths alone were alluwed to come in contact with tlie atmo- 
sphere; in one ease the air within the bag was changed; ir the 
other it was left uiidistiidjcd. In the first mode of experiment 
liens yielded only frotii 0'IXI47 to 0'18 of the carbonic aeid re- 
sulting from the whole perspiration, rabbits only from 0"0103 to 
0'dl7-4, and dogs from O'OOSS to O'OOll. The second method 
also showed thaL the Lnf]uenee of cutaneous perspiration and in- 
tcatinal exhalation is very unimportant when compared with the 
pulmonary function in the warm-blooded animals. 

The relation between cutaneous transpiration and pulmonary 
exhalation must not^ however^ be considered so unimportant hs it 
niiglit appear from these experiments on thick bairt:d and densely 
feathered animals. The ^^eous cxhalatiuns fri^m the akin in man 
have scarcely been exiLmineclj but the quantitative investigations 
liitherlo made, as for instance, those of Valendn, prove tliat the 
human skin bike^i a very considt^rable part in the separation of 
tMjueoua vapour from tlic body. This fact )iod already been ren- 
dered vQry probable bv certain (lietetic and other observations, and 
seemed to derive confirmation from Magendie's method of making 
tlie skin of animala wholly impermeable by means of ^luej paste* 
varnish, &e. ; and altliough tlie death of the animals thus cxpcii- 
iDcnted upon cannot i>e referred solely to the retention of gaseous 
fluids, the latter, although inconsiderable in quantity, are not devoid 
of iniiK>rtanee in a physiological point of view. There are indeed 
many queationa whith &till demand our earnest attention in refer- 
ence to tliis Hubject ; and even if the life of an animd of liigher 
organization could continue to exist in a relatively normal 
■tate for any length of time after cutaneous ealialatiot^ had been 
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lut-niuned method, the determination has almost klwm^ bccfi 
limited to the relative amount of carbonic acid in tli« air, witbotf 
regard to the volume of the expLrationa, and hent^ we need 
hardly observe that such experiments are scarcely of any value. 

My experiments on the procea of infiammation and its infln* 
ence on tlie perspiration have been unavoidably limited to rahbiU, 
in wlkom it ia very diihcult tu ex.cite an acute iikflammation- I found 
it was not sufficient merely to wound the animala, and thai it wii 
necessary at the same time to inject stimulating substances into 
the wounds; but notwithstanding these meaaurea, I always had to 
make aeveral fruitless attempts before any individual animal could 
lie brought into the condition necessary for these experiments. Z 
subjoin only the results of those expenmenta to which I attach 
the greatest importance, and in which the morbid phenomena, » 
well as the composition of the blood, indicated the presence of the 
process of inilammation. 

In {a) and {6) the lungs were the scat of Infiammation, and in 
(c) and {({] the inflammatory process extended over several musdci. 

(a] In every three hours a rabbit excreted, at the mean tem- 
])erature, tlie following quantities uf carbonic acid : — 

Iteforo the animal vtm votwded, and during ihree 
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lb) In every three hours a rabbit excreted, at the mean tem- 

pcraturCj tlie following quantities of carbonic acid ; — 

Two days before being wounded .... 
ImnicdiateLy after being woaaded 
On the firtit day 

,f second day..,^ 

„ third day .... 

[c] In three hours a rabbit eacreted, at the mean tempeTaturc, 
the following quantities of carbonic acid : — 

Two daj'9 bcfof* being wounded 

Iinmediately alter being woaaded 
On the first day 
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(dl Ilk three hourea rabbit escretcd, at the mean tompentturo, 
the fnllm\Mig quuntiliea of carljonio ncid :— 
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Acourding to P. HervJer and St. Sager, many ucute indam- 
mationB, Ruvh as meningitis^ ppritonitis, metritis, and acute arlliritic 
rlieunmtisni^ yield an excess of carbonic acid {hjfpercrittit curboa- 

0, and all inflammations in which the rasfiiration is implit^atcd, 
pneutnonia, pleariay, and periearditis^ yield less than the normal 
quantity oF this acid {hjfjtovrinic ctirhovique). 

But what opinion can wc formof experiments which, like those 
made by Hervicr and Sngcr, have ltd to results diametrically 
opposed to tLe best observations, and vrhich have exhibited dis- 
tindiuns of such estrerae delicacy, that otlier observers have heen 
unoMe to arrive at such nicety of ob^ervationf even when employ- 
ing more c:fact methods f What arc wc to think when we see that 
ihese experimentalists found that less oarbonio acid \v:^h exiialed 
during the period of dig**stion than in a state of fasting ; ihat they 
distil I ^uithed two inuxima and two minimu of the exlialation of 
carbonic add, of which the one mnsimura occurred at o'clock in 
the morning the other at 11 o'clock at ni^ht, while tlie one mini- 
mum was observed at ;1 o' clock m the afternoon, and the other as 
early as5oVltJck; that they observed the quantity of excreted 
carbonic acid constantly rise with the ijressure of air, and found 
invariably more carbomc acid exhaled after animal food tliar after 
ft Tegelable diet, and even ivithout in any way iiiv^stigannv the 
proximate cuincident causes ? 

According to tliese expeTimcntEilists, moreover, tiie excretion of 
carbonic acid is augmented in the cold stage of intermittent fever, 
and still more so in the hot stages. " When the patients perspire, 
the air they exhale hardly varies frtim the ordinary air- A^in, 
ttic normal relations of the excretion of carbonic acid remain 
unchanged in all chronic diseases coinhined witli fovcr^ iis in 
chlorosis, dtnbete^^ the beginning of cancer, ner^-nus affections, and 
chronic inflhmniBtions. The quantity of consumed carbon falls In 
measles, scarlatina, roseola, cn-thema, during the period of suppur- 
ation, in scurvy- in purpura, nnFeriiia. anasJirca, Iho la^t sta^^os of 
cancerous, scrufuloua, or vypltUilic deyenemliona. In typhus, dyseu- 
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tcry, chronic tU&rriica, and puLmonvy plithisU. The tcraperitorr 
of the expired &ir ri^es tud hl\% mith the number of ihe retfitn- 
docit-" Tlnn ciiixUiwd a<)«e[ntilage of names of rlifM^^Lsi-H aiuk Motp 
toiiu.»Diluf obsolete aiitl recent titles ardiMttse,su£(TirjLtiy Udatx 
tbc ttstnrc of tltcac iuvcrtigatiuns. 

Ilmihovcr liaa artempEcil to del^rmine tlie quantity of cvbonir 
ttcid rxhaW m Hilomsi* ; he employed four girU in these e<|tfn- 
nient^twliidi sofaradrnJllcJ of eompArLson vitli Sc}r&rIing*suWni- 
tionv that llin-c of tbeac girla wercof neariv the anmc Oj^'easllie ^ri 
cipennicntcd ujKin bv the tatter ob^rver ; the fourth ^irl^ whrn m 
ft slate of prrfert health, and at the ii^e nf 17 ycara, expired G^i'Al 
of a gnuitme of carbonic acid in one hour for every ICOO grsnuuct 
of her vri^hL HannoTcrs three dilorotic patietits, whose mpcfr 
live n^s vrere 15, J*i, and IS years, eicbaled, »cc<»rtiiMg toRunihr 
calculation, 0-66GI), Cr6l<l5« and G'5S74 of a gmmme, ant), ron«> 
qaently, an amount of carlionic acid far exceeding the ^uaabij 
eliminated by the bcaUby girl, lliis fact is the mure wurliyd 
T^oliee aa there ia reason to btliere lliat the blood -cor p use lea pv^^ 
rij>iite in the abaorptiun of ox?gen, and lit the formation of 
bouir ai id^ altlinugh in those case^ in vliich it has been pr 
with tolerable certainly ibnt the blood-corpuaclcs arc eonsidersbl] 
dtniinUhed,it lia^ been found that the e^tcretion of carbonLcacttl il 
incres!ied rather than diminished- Although we are not quil 
justilied in concluding from this fnct> that the b]ood-ccTU 
devoid of rI\ inlluencc on the formation and excretion of cut[ 
acid, it is quite certain that they do not contribute very essentiaU] 
to the interchange of ga^es and that the source of the carl 
Rt'id, na we learn from other cxpenDicnls, haa to be mainly sougl 
in thcmelnnKirpliDscBofthc tisauca, andonly to arery slight d^r«_ 
in the proccsaea oecurrin" in the blood-cells. Moreover, in lii( 
chlnrniie paiiettts, the absolute ijuantity of the excreted earl 
acid stood in an inverse raMo to ihe number of the respiration 
which, a» we have already sccn,is the reverse of ^hat we obserrcii 
the norma! state, Hjinnover was unable to discover any increaie^ 
of aninal heat, notn-itli standing the great development of carbon>f 
acid J indeed, cldomtic [jBtients generally coiiipUin much more 
cold than of heat. 

All these experimcnta of Hannover ^"cre conducted willi 
greptest care in every respect; for besides making a verv aocurat 
CAaminalioii of l]ie special form of diacafic, he very carefully nol 
in each respiratory experiment Lbe numbers of the pulsations an< 
respirntionfl, tlic temporaturc, the height of the barometer, 
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bodily weiL;htf and the age nnd constitution oF the individual All 
the experiments were made in the middle of the day Isetwecn 10 and 
oVlocli, mid tl>e patient was i^i no cfise sufTered It) remain more 
Uian lialf an hour in the upparatua, Tlie oUscfvatiuiis were made 
principally between the months of September and Derembcr. 

Hannover liwlituted e*cperiments on the respiration of five 
persons saffenng frum puhdonary tubercuhisis ; the tiiherden being 
in part already softened and suppurating. The absolute amount 
of carbonic acid generally increases with the number of the rcspi- 
ratioiis, while the relative omount (that which is contained in a. 
definite vulume of nir) difninishes. Tlie other experiments made 
by HttnnoTer on the excretion of carbonic acid in some other 
inorl>id conditions, are too disconnected to admit of our deriving 
any definite results from them, 

D<»yere repeatedly e?iJimined_ the air ejipired by a young girl 
who held cholera, and continued his obserTBtions till the deat]i of 
tJie patient^ he found that the excretion f>f carbonic aoid was 
generiilly much diminished in this disease, and that this excretion 
i»fis augmented as soon as the general condition of ihe patient 
improved. 

Maicohn instituted a more exact aeries of esperinnenta, ac- 
cording to Trout's metUodjOn ihia relation in typhus, in whidi be, 
of course, determined only the relative qnanriry of carbonic acid 
in the expired air. Thi^ observer found that in ninctceii cases of 
mihi typhus the qanntJTy of corbonie acid contained in 100 volumes 
of the espired air, varied between 1'18 and -I'lS 5 the mean of all 
these observations gave the number 2"492{j, but this quantity fell 
to 32J2^ In seven njore severe cases of typhus. Prout gives 
39Gg as the mean number for persons in licaltb; the relative 
nmount of carbonic acid in the expirations is therefore very con- 
«idcrab!y dimiTiished in typhus. The amount of carlKinic acid in 
the air cannot: be brought into any definite proporUoji L-itbcr to 
tlie number of the respirations or of the pulsations. 

Here :^ain we perceive the great deficiencies of pathologicnl 
chemistry; which does not even supply us with the necessary 
materiala for CHTabiisblng a system. On the other hand, it must 
be admitted that the charge of inapplicflbility to medical practice, 
which has been advanced against this section of physiological 
chemistrj'j is less just in the case of the reapiralion than in the 
theory of digestion [seep. 308). Until recently, ibe detenu iniition 
of the respirations, and of the contractions of the heart in cuscs 
of disease, were httle more than mere symhoJH, which nothing but 
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tlie rudest em^>inoisrn cnultl rpnture to ndopi as t*xpbimili<ui* 
Uie rt*i.Mgiiitti>ii( itia^iisis, luid pro^tunLA of diseases, vliiUt *X tk 
prcsrnt time, allbou^h our kLiowledf;e cf the interchftngt iti gnut^ 
and the influ^rice <jf the nimcmcnts of tlie respirab^n and ik 
dreitUt'kon mny nftt »1;vavs afJurd ilctimtr conclusions, it can. il 
len-U, supply us witb certain i nil; rati oils of tbe most es^t-ntal 
cairslkuenta t>F tljc palholosis^l process, hy which we ra.iy rr^Uu 
nnd mndify o"r medical treGtnie*kt- Tli€ more exac^ k nowh-J^e of 
die respiratory functiuns which we nuw possess has ihtiiini^ 
rlejtr^r light on the proctrss of fever tliAn any uf Lhe hinaiticnlfl 
t.^eBh5e^ wliich have hcen written on the subjr^tp We «| 
iiui<'l)ted to i^ure physiulogicai inve^tigatiuna for nutneriM 
eliKHdntions of some of thoie groups nf aymptoixis which weaMl 
witli in certahi diseases^ such as puimonary tuherciiloar*!, emphd 
uma, certain he art- disease a, diaWtca, &c. No one catj detiy ti« 
the great advance which has heen made in modem times in r^fl^pMH 
to our knowledge of respiration, has a^orded us a deeper inm^fl 
into these and many olht^r jjnthologlcaL processes, but it wi>dl 
carry us too far were we to enter more fully into the rwalti 
yielded in this respect by pure physiology tu pathology, it b iU 
his practice hy the bedside that the physician obtains the tmM 
irn]H)rL!int niJ from tJie physiology of the reApimtimi, We^^H 
exaggerate when vfe ji&acrt that there is scarcely a poiic gHIV 
section on the respiration whicli docs not treat of facts fnim vhiA 
the physLclan may obtain the most valuable hints for h\& Ir^atrnftti 
of various diseases, and more ps^K.'ciaUy of pulujonary alTet^nmiJ 
While the advances of the science of medicine have t«a^fl 
that of all the va£t accumulation of remedies which iit the cofiitn 
of time h^ve been collEcted together, very few nre of any nJuflii 
the bedside, and while the enlightened pracLitioncr is dispuvr^ U 
attach at least as much importance to a rational dietetic as \a^ 
speciheally therapeutic mode of treutn^cnt^ the value of ill 
vesligntions on normal respiration, In reference to the science fl 
medicine, can never be over-rated; for when imce llic fiictl 
imiversally admitted that the first thing to bo conaidcrej in wnt 
disrases ia to furnish a copious supply of oxy^'cn to the bJooJ" 
winch has been loaded with imperfectly deeomjwsed subsWf^j 
and to remove as speedily as possible the carbonic acid ivhicli !■ 
accunuilated in it, these observations will have a(Tori)cd u» irl 
remedial agenta, which exceed almoBt every other ni thcccrlflinfl 
of titeir action. We may perh&ps aid a tuberculous patient quifl 
as much by reeoui mending fiuii to respire a moist warm atr, ufl 
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Micnlied Licht^n Carraifheeny or Ot.jL'cons ABeUr. Instead of 
lenli"^ an Empliysprualous patient^ sufferiiig from coiigeatiuii 

hoEmorrhoidal ttrndencies, Avitb opericnta and saline minerftl 
m, wc might relieve him fur more eScctua)!^ by recommending 

to practice artificial augmentation or expansion of the ohest 
npiraliun (filling the liinga Eeveral times in t)ie cour^ie of an 
r)^ or to take exercise auitcd to produce this result, wliile we 
lid forbid the use of GpihtuoLi3 driiikd, and not preacribo 
tares^ which might hinder the necessary eieretion of carbonic 
, We Hbstain, however, from offering any further illustrHtinns 
hc*e assertions, ance the reflecting physician will not blindly 
iw any guide; while the mere empiricist cfin nover learn 
oughly to heal any disease, whatever may be his knowledge of 
aiology and patholngieai diemistry. 

We endeavoured, at the beginning of this section, to give a 
sral representation of the intercJian^je of gaaea xvliich occurs 
lin the lungs, tracing tVie movementa of the atmosplierio air 
I the pulmonary vesicles, uhere an opposite current of yases is 
sloped from the fluid blood- What we then regarded alraoat 
'tori as & physical necessity in this occurrence of two opposite 
■ent» uf air, has been proved, from Vlerordt's experiments, to 
m at^tual fact. Mechanical forces, considered in the stnctest 
le of the word, were insufficient to carry the oxygen into the 
iionary vesicles and the carbonic acid into the trachea, as has 
n moat conclusivelv proved by t^je suggestive experiments of 
tchiiison* and uthers. There is one portion of their course 
>ugh which the oxygen and carbonic acid must be propelled by 

ud of diflusion ; and this, as Vierordt has shown by the 
itQfoua moditieations of bis experiments on respiration, i« 
trolled by the same laws which Grahamt has expounded in so 
iterly a manner. Wc may, therefore, hnpc that wc have 
Tcd at the recognition and physiccd explar.nCiDn of the inter- 
nge of gases effected within the nir-pa^Eages- We have thus, 
t were, arrived !lI the boundaries of the bhiod in our tlieoretit^l 
sideration, and it now only remains for us to explain the 
'sical or cliemical laws by which the g;ases dia^olvod in the 
ad nre liberated, and those of the Ji.tmosphere are condensed in 

blood. Elavtn^ acquainted ourselves with the constitution of 

air at the place of its exchange — that is to sayj in the pul- 

■ Modira-i^irurgicbl TraneoctiCDa, Vol. !J1>. pp. 187-U9; and CyclopdedJa of 
btomy and Phybii/lug^yH Vol. 4, iip- IOIG-1U87. 
■rrrarui^tfif Roj, Soe. of Edin. Vol- IS, p, sas. 
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moHAiy TesJclcs — ^e linvc next to fisccrtAiik the cliAntcter cf 
bluod n hich i» atTt^oted by tkiia mtertrhange of K^ses ; for witljout i 
kium'loflwe oF its cliaracrer, ln?forc Jini.1 ntU't tbin iiiterclian^e, wt 
shftU be unuhlt tn form en opiuion uf lJ*e princT|)]es vliich robtnd 
this raoat esaeiitial part of the process of respintion, tbftt i» tt 
say, the inlcrcliange of gases lietweeii the bl'»od ^nd the air in tie 
[>ulmonnry vesicles. 

Tud qaestlt)ii4 present theiD&elvcd to our notjce in eiilftin| 
upon aiLctj CDJksidcraLions« regarding \}\c manner in which, on Uit 
fonlincs of tJic air ond the blood, &s il were, tliiH intorcluiji|:c it 
eflecfed hi-twoen the rarlioiiic acid wnd the oiygen i one of (best 
qtjestioiis is, Tt'/ifnte docs the bluod derive Us cixrbunic acid, aud in 
whtil t'ortn does it convey this gas to the lunga ? The second qiicjtioii 
is, in u'bnt physical or chemical relations docs the oxygen stnod In 
the blood, or to this or that constiiuent. in its passH^ iato tJic 
bluod? In CDnsiUeriTig tiie first question as to tlie MnjreMi of 
carbonic acid in the anirnal orgnnism, we must, in the first plnON 
icuiernbcr that all animal fluids contain gases, nnd eapeciaUt 
cnrboTiic a^d^ We have already aeen, in the second volume of 
the present work J that c»rbonic arid, osy^en, and nitrogen, aft 
preachC not only in the blood, but also in the lympb^ tbc Itm*^ 
xidatioiifi, tlic paTcnch^nmtous juices of many organs, and crtn 
the urine. It is by means of these juioes that all the anij 
tissues, as ueli as the parenchyma of the organs, are pernieatptj 
the gaacs in question, and there is not a single vital organ in 
V'iiulc animal hoJy from wliich wc mi^^^ht not, by meting of 
air-pumpj extract free carbonic acid, nitrogen, and some tntces 
oxygen. An experinictit whicb was begun h>iig Hgn in my ' 
ratory placed ibis rektion, as nii^bl readily have been conjccn 
a priftrit beyond all doubt, by affording a positi^-e proof of 
{Quality of thift gas; we are, however, still deficient in the m< 
exBct quantitative determhrntions for individvial orgnhs. 

But w!jen we investigate the soiirce of the carbonic av'ni ia 
bloody and indine to the beliefj after the most general examinalic 
of tlie vegetative vital functions, that it niu^t, in part at Jt-ast, 
sought in the activity of the difTcretit organs themselves, 
cannot wholly refute the objection which might be offercd> 
the carbonic acid mav be formed in the blood itself, &nd be 
vsyed wirh the traniudations of this fluid into the parencbvfCia 
the organs. It is, therefore, in the first i>lace necc&sary lu prol 
the pre-exUicnc€ af this carbonic adfi in tht fluids of the i'uim^ 
The probability of audi a prc-cifistciice may readily be seen 
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analogy, and the fact haa been alinoM directly proveJ by poaitire 
observations. We Jmve pnrpusely devoted more time to the 
meehanism of the respiration of irjsectj* lliaii we generally give ta 
the niecliaiiical reklions of tlm animal propessps; for it is pre- 
cisely in these animala which have ti3 true bloodj but merely 
pareiicliymatous juices, and no true hlood-vesacls, hut at moi^t 
mere rudimentary lieartSj or a very limited analogue, the so-called 
dorsal vessel, that the atmospheric air penetrates directly through 
the most dtUcale tracheal ranjiti cations to llie very elements of 
the organa ; hcitc the nir docs not come first hi contact with the 
bloodj nor does it pass for nnv len^h of time with it tlirough 
vessels, where it may undergo melatnorplioaes accompanied hy & 
development of carljonic acid gas; the carbonic acid nmst hers 
l)e formed in tlie parenchyma of the orsjans tliemsclvesT and through 
their t^ital activity ; for the amount rises and fails in the exhaled 
air, as we learn from direct experiments, almost in equal pro- 
porlhjn to the anionnt of the activity of these organs. It \s, 
therefore, pro ha ijje that also in the liigher aniJoaU endowed with 
true blood, the carbonic acid is almost entirely formed in the 
functional organs, and not in the Uquor sanguinis- And sliould 
we then find such great dlfTerciiccs In relation to the nmomit of the 
gascsi in the diaracter of the blood flowing to and from the organs 
(the arterial and venous blood), if all the carbonic acid of the blood 
flowing to the right tide <jf the heart were formed gradually and 
alone ttirou^hout the whole exti^nt of the hlood -column pasting 
from tJje left to the n<^lit side of the heart through the capillari^^s? 
No furtlicr probabilities need be adduced to prove that the paren- 
chyma of the organs is the seat of tlje formation of carbonic acifi, 
aa we ohlain the most convincing proof of the correctness of this 
Tiew from the admirable investigations of Q- Liebig.* Although 
iraiiy points may he susceptible of improvement in the method of 
experimenting adapted hy G. Licbigf the main results muet con- 
tinue unaffecteth We have alrendy (p, 95) noticed the most 
essential facts which Imve been brojght 1o light by these lEEquiries, 
Wc would here only repeat, tijat the carefully prepared frogs* 
muaeles absorb osygen and e?chale carbonic nc^id eo long as their 
irritability or concraeiility Usts, that the latter is lost in irrespirahle 
gaaes, and iiiially^ tlmt a muscle completely deprived of blood con- 
tinues to maintain thi:j interchange of gases so long as it retains ita 
contractility. We have here, tlierefore, not the mere representa- 
tion, but the perfect expression of a respiration of the organ of % 

• Brr. d. Akod. d. Wiss. zix DirliD, 11U», B. 330-317. 
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higJicr animal without blood, and even without any special air-pu- 
sages ; the interchanire of gasea and the rormation of the carbonic 
acid originate here directly from the organ from which the carbook 
acid is otherwise conveyed to the atmosphere by vaiioua indirect 
means (and necessarily through the blood and lunga). As, more- 
over, theac experiments show that the muncles cannot retun 
their activity without an access of free oiygen, at all evcnb. i 
large portion of tliis gas must, after its absorption by the lungs^ be 
conveyed in a free state through the blood and the walls of tbe 
capillaries into the muscles. The blood is, therefore, quite asird] 
adapted to convey to the muscles the free oxygen necessary ford» 
accomj>lishrncnt of their functions as to carry off the carbonic tdd 
formctl by tliis function; the Jirst interchange of ffaaeit 19, ihne- 
fiire, effi'cted in Me/;flrfwcA|/mfl of the organs themselves or if vf 
regard t)ic interchange of gases between two different media » 
the process of respiration, the first act of this process — the firsl 
interchange — is effected between the parenchymatous juice andthe 
blood in the capillaries. This act may be compared to the respiia" 
tioiL of water-breathing animals; the diiference consisting almost 
solely in this, that the medium conveying the oxygen is on an ave- 
rage dcjiser than the medium which is destined to absorb o^tygeoi 
or that the ditfcrencc iii the density of both iis on tbe whole very 
small, wljilst in the true water-breaihing animals the density of the 
receiving medium exceeds that of the water very considerably, bflt 
prineipally in the circumstance that the blood differs essentiallT 
from water in its great capacity for the absorption of oxygen soA 
carlwnic acid. Notwithstanding this difference, we may hope tint 
when the respiration of animals breathing through gills has he« 
sufficiently elucidated (and this subject is at present occupying tbf 
attention of Valenciennes), we may succeed in bringing this into^ 
change of gases, which is effected through the walls of the capil- 
laries of the greater circulation, into accordance with the laws of 
the transfusion of the gases absorbed by fluids. Then only can vc 
establish the theory of tliis portion of tlic respiration on physical 
grounds. 

Before we proceed to consider the second act of respiration in 
the higher animals, that is to say, the interchange of gases in tbe 
capillaries of the lesser circulation and the pulmonary vesicle*— 
tlie interchange between the blood and the air — we must not omit 
to inquire whether alt the oxygeti in the arterial b/ood it^frecy anJ 
whether all the carbonic acid in the venous blood is only mecham- 
cally combined* The previous experiments, as well as the obser- 
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vatior^5 of Magnus and Mardmnd, lo whidi we liave already 
referred, and according to wliicli the fresh blood csliibited no 
chemical ftttrflclion from osygcn» migUt incline ue to }>elit;ve inal 
all the oJtygcn absorbed by the blood in the lungs pissed un- 
cbanged, that is to say^ uncombined, into tbe capillaries of the 
greater eirculatioii, and from thence into tbe parcnehyoia of the 
organs. Tliis, however, is hy no means the case, and we have 
already ^vcn the reasons, which seem to show that a part of the 
absorbed ox\-gen enters into chemical combinationa even in the 
arterial blood. We need bereonlv refer to tbe peculiar relation of 
ihe cryBlalline sul>staiice of the blood towards gases [sec note to 
vol. i, Pi 3^3 in the Appendix], end to Liebijr*s apodiciic proofjthat 
fts Ihe blood considered as a flaid can mechanicaUy abaorb only a 
\erv small portionof o\ygen, the greatest part of the oxygen which 
disappears during respiration must of necessity bc chemically 
abfiorbed. 

The vcrv carcfal and admirable experiments of G, Liebig* 
appear at 6rst sight to oppose the idea of a chemical Hbsorption 
of the oxygen in the lungs ; for he found that the differences of 
tcmperatHre in the different parts of the circulating system, 
including both tlio arterial and the venous aystemSj were solely 
referrible to the physical laws of the radiation of heat, &c, and 
that in the lungs especiallv, the blood not only undergoes no 
clcvatiotj, but even a slight dopreasioii of temperature - 

Here, therefore, wc obtain for the first time, through G. Licbi^a 
investiiptions, a direct conbrmntJon of the early hypotliesis, tliat 
the i»hiod is cooled in the lungs hv respiration. Tliis fact appears, 
Bs has already been stated, to -stitiid in direct opposition tu the 
aa^umption that the oxygen is chemically absorbed, at all events 
in pjirty in the arterial system- Tlus disereponcy is, however, 
nierely apparent, as we may readily perceive, when we consider 
that only a part of the oxygen that enters the blotid is dieniieidly 
BbsorE>cJ, that a great part of the free heat is consumed in the 
restoration of the carbonic acid to its gaseous form and in the 
eraporation of water, that the speeific beat of water is very great, 
Bnit that the difference of temperature between the blood in tbe 
left *ide of the heart and that of the right side is extremely small 
if we follow G. Lichig'a experiments in their details, more 
tf peeiall^ in reference to the testing of the mcthoda of observation, 
tutd ubserve how the temperature of the blood in tbe different 

* Ucbcr d. Tcm plural m-unteF3dliicde d. vmi^sca a. arlctiDUcu BtutS' loaug- 
Abh. d. Mod. Psc. xd Qicwen vergph IOCS, 
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rwtel* is cJep^in!enl upon extrmal pliymical effecU, we fui^ 
i^thpr womlcr at tic flight diminution of the tCLnpcntnTC ta 
Arterial bloody snd apply tlis ohsen^tion in support of tiK bi* 
sumption of a cbemickl nhsorption of oxygen. 

AUiiovgb we ca.n scarcely any longer entertain the alightcil 
doubt tbat » laTi;<r portion of the absorbed osygcn enters titfo 
chemical combinolJoiiH \u ibe nrterial blood, wc are rot on thK 
account justified in fts^uming ttiat carhonie tieid And vtvttt tf* 
Already JbrmffI Tvhhm tkt arlt-riaf ^Ioo{f, fur tbis is an asKuiii|iUoo 
vrliieb bas already led 1o many erroneous theories regardlr^ig Uc 
respiration, Aa the serum is only capable of absorbing a semU 
qunntity of oiv^en, find fis we find thnl tbp blood-crrpnicln 
rbange so e<;<ientially in tbe capilWie*, ibe more probable ttct 
V^ill aUtnys be, tliat the oxygen is conveyed ironv tbe bLonJ- 
corpuscles to tijc capillaries in a looaclv combined state, and thil 
it passes from thence into tb^ parenchymarouB fluids in ofd*f 
there to commenee effecting oxidations, among the proiluct* of 
wbicb we find carbonic acid and water. We have already ra- 
dcAToured to show that wherever oxygen and organic ntilta* 
enter into combination, they do not at once yield earbonie arid 
and water as the prudjcta uf tlieir combustion, and thai tb^M 
simple o:cide5 (aa in putrefaction and decompoMtinn) are cflta 
only simply separated from tbe oxidised body, without tlic orEftnic 
body being entirely destroyed, aa in combusiion. We must, how- 
ever, beware of adopting such an exclusive view as lo moinl 
tbat there is no generation uf caTbonie acid or even of water widii 
tbe lungs, or between the left side of tlie heart and the capillaricSi 
after the oxygen has been absorbed in the blood. ^Ve mi^ht tai^r^ 
readily adduce proofs of the formation of a part of the carboiiij 
acid after the first contact of tlie blood with tbe atmosphere, 
the contrary. Magnus has certainly found relatively leas, 
absolutely more, carbonic acid in venous tiian in arterial bh 
aiid although we may not regard this individual observation as one 
of constant occurrence, we can scarcely interpret it in any 
way than that, at least in this case, carbonic acid is dcTcloped 
the access of oxygen to tbe venous blood. In fact, wc roi 
obstinately adhere to a pre-conceived opinion, if, notwithsUin' 
the important differences recently made known to us in 
arterial and venous blood, we should still maintain that the bh 
remains wholly unaffected by the oifygcn with which it is eh 
in the lungs, and that any one of its constituents cannot intitna^ 
appropriate to itself the oxygen without losing it again in tbe 
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capilliLrics* Wher wc fully consider the differences exhibited iu 
tlie hlood before niid after the absorption of the oxygen in the 
lungs (see vol. ii., pp. 248 iLnd 25n], we shall iind some fllAi- 
cully in yielding to tlie opinion, tliat the pEir^nchymu. of vitally 
aclive orgjuia is the only destination of the oxygen. 

We tt'ill aimply remark in conclusion, that the very decisivo 
mfluence of the different nutrient substances on the process of 
reapirat[on> wlnUi rte liave Uiovn to extstj cannot Ire recon* 
cUed with the view, llml dJ osidation must take place in the 
parenchyma of tlio organs- The carbo-hydrates, aa well aa the 
excess of albnmiiiate^j nre very c^ulckly oxidised, as might be 
conjectured J from the pulnionnry and urmary excretion; these 
stlb^ta^cc3, which are abaorbcd in u^htkt may be termed flupcrfiuous 
consumptioDj are not fijBt converted into constituents of the 
orgiins to be again excreted ; but whether they are first conveyed 
from the hlood and L-arricd into tlie innermosl: parts of tlie organs 
in order to he consumed^ is a (question which we are not yet able 
to deride ; there seems at the present day to be every appearance 
of profiabiitly Ihni the greater part of the carbo-hydrates and fats, 
Ain\ tlie excess of albuminates^ are deeomjtojied and oxidised 
witfiin the course of the blood. 

No^r that we have convinced ouraclvcn, in the course of our 
inquiries, that that interchange of osy^en and carbonic aeid, which 
we term respiration, is a proeesH which is not limitj^d to any 
individual part of the animal body; and now tliat we have seen 
how, on the one hand, an interchange of air is effected in the air- 
passages by the double means of mechanical transport and by 
«tiffu«ion, and how, on the other hand, an active interchange of 
gases takes place in the parenchyma of all the organs and io ibeir 
capillaries, it simply remains for us to ascertain ihc laws which 
control Me interchange between the clostie gaset of the air eon- 
reyed to the lungs and the condensed gases of the blood of the 
pulmonary capillaries iqt(tn tht /tumid mucuus lucmbrctne t^f the 
pit-Imonary refictes. 

\Vc shall wholly pass over the older tftcorks regarding the 
process of respiration, as they were almost exclusively mere 
hypotheses based on few facts, and consequently not explanations 
Considered in a scientilic point of yjew; nor, iadeedj were such 
explanations possible at that time, when scarcely a conjecture had 
been hazarded in reference to the laws of absorption, of diffusion, 
and many other physical principles hearing upon this subject, 
Although we can scarcely yet venture to hope that we are 
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orqiiAJnt^ with all the pliyitral bm vhkh nifty cOfn« tnto |^t 
in the Interchange of gises in the lungs, our «xpocitioii ai tlit 
pCMttive fa^La referring to the respintion anfficientlj- bIiow tliat «c 
hare ncArly t^ucceedetJ in tracing to their physical raiiduneatd 
requirements the individ^AJ eectioi^a into which th« re^ntoi^ 
process m%Y tie divided. The ^t attempt to determine tfa< 
phyii<:«l Uv nrronling to which the blood and the air inirreliac^ 
iheir gasi^» in ttte lungi was made by Valentin in conjvincticfn with 
Brutiner, and conduHtd with equnl intclligGnce and peraeveruncf. 
Valentin arrived 4t the result, that thi« interehange of ga»ei cam- 
«pond9 perfectly vith iTie iaw qfthv di^kiion qfffarea esfabllvhed 
bjF Oraliam, aud tEiat consequently the oiy^n and carbonic acid 
are irLtcrchojigctl in en inverse ratio to tho M^uarc rootA of their 
<Jeiiaitte9> Aa it doea not fall within the limits of the p 
vork to enter into ntore di]ru?;e theoretical cjLptksittona, we 
here content ourselves nitli bricily iutlicating the diSicultiea ivhi 
oppose the unconditionQl assumption of this theory. In the into^ 
change between the gases of the lilood and the air in the luogir 
we meet with eitterral relations differing wholly from the ooo- 
■litiuiis under which GnLliiim observed tlic interchajige of gav^ 
through ft poron* pnrtiliijn wall, and on which he baaed his U* 
after what has already been stated, it would appear almost su 
fluouH to observe, that in respiration an Hl>sorbed gas ia 
|:ioseil to an elastic duid gaa, wliik in the process of diffusion holh 
guses muat he in the clastic fluid state and tinder equal prcssartd* 
which cannot be the case in the respiration^ These ond some 
other points, which are opptistd m the direct applieadon of iln 
law of diffusion to the respiratiouj might perhaps be of leas in*" 
purtance if this interchange of carbonic acid and osygen occurred 
in tliC ratio required by the law of diffusion, that is to say, (hit 
85'16 vols, of carbonic acid should be interchanged for evcij 
100 voIn. uf tixygen. If thia ratio very frequeTiUy exists daring 
an animal did, we have neverthelcaa encountered numerooa f«cti 
in oar previous observations which appear tu bo (iiaaictricaily 
opposed to thia law; a law connot, however^ tolerate an excep- 
tion, BTid when the latter can be shown to exists the law is vrilhoat 
force. U aecnis to us ut least that many of Uie facts wbtdi hat< 
been proved beyond a doubt by the moat recent investigationSi 
n otolith Stan ding all the concessions which might be madft in 
favour cf the peculiar animal reUlionftj cannot be brought eniirely 
into harnioiw with Valentin's theory. 

Vierordt h^ described tbc iulerchange of gftsos ou the inner 
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surface of tlie lungs in a manner corresponding etitirely to known 
physical laws as well as tu jmsilive facts: Lfiere are few ihei'ties 
in phjsii>logy wlilcli imve resulted from sacli numerous and care* 
fiilJy conducted esperiments as those which Vicrordt c&tabhshed, 
and which he based upon the laws of absorption discovered hj 
rf enry and Didton- Henry has shown that tlie quantity or lli^d 
volume tif an absorbed gas dcpcnils entirely upon the pressure 
under which the gas above tJie duid remains after t]^c absorption 
lias l>een completed; while Daltcn lias proved that ii» the Tiii.'^ed 
gjises the pressure of ench individual gas, wliiuh, as h ^ve\\ knu^^Ti, 
18 entirely independent of that of the ioteniiixed gases, done 
determLncs the proportion in which this ^as is absorbed by a fluid* 
If, tlicrefore, tliere be more carbontu acid contained in the blood 
than the pressure of the cBrbomc acid in the pulmonary ve^idea 
is able til maintain in a state of condensation, a cur responding 
qiiAntily will eacapc from the blood, until tlic amount of carbonic 
ficid ni the blood is reduced to titc number corresponding to the 
Bmount which would be absorbed hy blood containing no carbonic 
add, and exposed to a tcTJsion ec|ual to the carbon ii"-a*:id pressure 
on the pidmoimry ve&iclcs. Tlic quantity of carbonic acid ihua 
pos&ing into the pulmonary vesicas would therefore dopend^ in 
part, upon the quantity of this gas condensed in tlie b1oo<l, and 
ifi part upon the tension of the carbonic acid gas already contained 
ill tl^e air of the pulmonary veaicles. Under the relations 
occurring in the onimal body a motion in a. directly opiKisite 
diredion would be imparted to the oxygen- The blood, when it 
enters the lungs, is not snfHciently sHlurated with 0!tygen, aj^d is 
able, under the pressure which it then cxpericnccsj to al>sorb a 
Ini^er quantity of this gas; the tension of ihc oxygen contained 
in the imlmonary vesicles is so considerable, that a portion of it is 
transferred into tlie blood, ftnd tljere condensed- Both gases are 
therefore qaite independent of each o[:her. as the more correct 
physical explanation would lead ua to infer ; tlicir interchange is 
not effected by mutual diaplacement. but is determined for eacli gas 
by the quantity of eoiidensed g;js in the blood, and by the tension 
of ibe eorrcKponding elastic llmd gas contained in the sir of the 
pulmonary vcbicle«. 

There can be no doubt whatever that tbi& law of Dalton 
6ppU*h perfectly and completely to the free gaa contained in the 
bloi>d (whether mechanicalh' combined or absorlied), and hence it 
must constitute one of the most intportant factors in the inter- 
cUaufiC of goaci iu the lungs ; but wo have already seen that a Tery 
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Urge portjon at tlic so-caLkd free oty^n and cnrbonvc vid gaa n 
the blood i» in A atfttc of »RAtabl« cbemictti coniliinAt[<>D, nnd 
bc&ce Dflltor'i Inw ran, atricily sjienking, only apply to f be fnf^rvm 
of irarlxmic acid and oxygen ciintoined In tl>t? blood which i» onlf 
mecbftniCAlU absfjrbcci, orj Co cxprcaa the same thing in dlifrrcDt 
words, is merclr Uken up bv llie water in Che blood. TKo Uvrf 
a>rsoq)tion is not, !io\rever, of less importance to the theory (rf 
mpint'ton ; and we may perlia[M lie justified in assuminv tfiftt nil 
the oiygen is mechanicaUy &baorb(rd (in accordance wUli the 
aboTC-mcntioned Uw) before it enters into this unstnblc chcmu*! 
tombinaliotiT and that the carbonic add, before it is Bcparu«d 
from the blood, im mccbanic&tly dis^oUed from its chemiod fitm- 
binAtiuni nljen the dbninUhcd external pressure favours, or nllier 
eoatrots, ita cllininaticn. It cannot, however, as yet bo slrirtlr 
proved that the mpmbmnes trhicli separate the blood atid tlie lir 
wttbin the lim«5 mny not manifest different degree* of pemieabilitv 
towards ibe gases or the flLkiJ<& which saturate ihcm, and mAf not, 
thereforccxertsomemliuoncecn the interchange of gasea proctfcd- 
in^ in accordance with the lav,- of aE>sorption ; for aUhou^h tboe 
memb^sule<nInTbeeTlTenlelythi^^lbeyypl consist of nt least three 
dehrate layers of tis^u^^ namely, the pavement epithelium nnd tlir 
membrane propria of the pulmonary vesicles, and the walla of the 
capiUarica. Tbe great difference of permeability shou'n by animal 
membranes towards fluids, having even tJie same character, m^&ei 
It not unreasonaMe to conrhide that, if n~e could once mitc'cx^ ia 
establishing a genera] formula for thet e^rprcsAion of the inter- 
chaikgc of gases in the lung"^ this function would constitute a 
part of it.. 

Tlie etTeets of the respiration on the entire metamorpboKJi of 
animal matter, and on the individual functions of the latter will be 
ayatemntically considered in (he following section. It is ciistomarr 
to associate llie theory of animal tttai with that of the rcspinLtii'ni 
for, airce the time of Priestley and Lavoisier, flame has not beefi 
regarded merely as a poetical symbol of life, but life and t-oni- 
bastion have been regarded as two perfectly similar prooeaaes. 
Lnvoiijier's theory of animnl heat has experienced various modifi- 
cations in the course of time and from the pressure of advanciag 
Bcience, as 1ms alsiJ the theory of combastion, although }^ih are 
true in their fundamcntaJ principles. Wc will not here enter 
more fully into the theory of animal beat, since it still rests on a 
very uncertjiin foundation, and since further an accumulatJon oF 
tlie iariou> (acts and arguments bearing upon the subject would 
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extend our wort to an ntireasonflble sise. Besides tliUj it is ttiU 
qiiEslioiiable vlicLlier tlie theory of animal hetit, wljldi fnibmces 
DO many purely physical and purely physiological laws and facts, 
can, strictly speaking, be considered ns pertaining to physiulogii^l 
chemistry ; for, if we admit its claim to this rank, we might with 
equil justice he cnlled upon to enter into a more detailed e\pi>^ 
Bition of the theory of animal etectricity* shice thb, no \tss than 
the theory of animal hent, 13 based upon chemical inquiry. Wc 
ought to observe, however, that the special heat of every animal 
orgauisui is merely the result of chemical comhinalions formed 
wiUiin it. No one has eUhorated this proposition with more 
argumCTitative ingenuity and ability than Liebig; find notliing but 
ex.cessire increduhty, combined with an inadequote knowledge of 
physical laws, tould lead Jiny one to doubt the correctness of his 
exposition. Dulong* and Desprct^f are, however, almost tlic 
only irquircrs who have afforded us nny positive investigations in 
relation to the main point of this subject; and accordinsj to their 
oljserviitioiis, only from seven to nine-tenths of the heat generated 
in the organism con be referred to oxidation. Too much im- 
porlflncc must not, however, be attached to these results, For it 
must be admitted that the method of investigation employed by 
these inqairere was not entirely free from blame, while, moreorer, 
they exhibited extraordinary instability in iheir estimate of the 
number of the units of bent developed from the carbon, as well aa 
Irom the hydrogen, during oxidation. If, however, future investi- 
gations should enable us to become better acquainted with the 
heat Uiat is evclved from the eoiubuslion of tlie carbon and 
hydroi^cn (and especially to drtcrmine it with accuracy in those 
cases where, as In the onimal or^^ism, the elementary atoms to 
be burned must be only gradually dUsolved by the oxygen from 
very complicated compounds), and if repeated z 00- calori metric 
investigations, free from the errors of the above-named physicists, 
•hould lead to the desired rcHidt, that the animal heat wiiich 
is developed entirely corresponds to llie quantity of carbon and 
hydrogen burned in the Uidy^ then it would indeed appear most 
wonderful that other chemical excitants of heat, which are suffi- 
ciently obvioufl to every one, should be altogether excluded from 
the animal orgauiara* Why should the chemical union of acid 
and base, and the many decompositions nnd other proceasea^ 
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whidv as we know, are generally accompanied with the derelop- 
iDent uf beatj luse this property in the aDimal body? Thii 
muc'h is established and placed heyond all doubt by the 
labours of the most trustworthy observers^ that the chcroical 
movements in the living body are more than ftufficient to eipluo 
the animal heat, and particularly that the proceaa of oiidadoo 
which is carried on through the respiration yields by far the mott 
important contribution to its excitation. Attempts hare bcoi 
made to ascribe to the nervous system a share in the production 
of heatj but, as we have already observed in vol, i,, p, 17, « 
cannot form a conception of the nervous system in a state of 
action without chemical changes occurring in it. Any one may 
observe the depression of temperature that ensues in parts in 
which the connexion between the nerves and the central nervoM 
system has been interrupted ; and we are well acquainted with the 
recent experimetits of certain French physiologists, who, after 
dividing tlie sympathetic at a certain spot, have found the anioul 
heat, at definite parts, considerably higher than the ordinary tem- 
perature,^-an ohsenation which 1 have myself had occasion to 
make ; and while we do not overlook the difficulties which opposeu 
explanation of such phenomena in a special case, we must rc^ird 
every view as unscientific, and therefore incorrect, which woald 
refer the origin of animal licat, although only partially, to any other 
than chemico- physical forces. 

If, however, the chemical theory of heat, as it has been gene- 
rally understood, is open to objection, it seems to ua that it can only 
arise from its having been regarded less as the consequence than 
as the object of all, or, at any rate, of most of the chemical move- 
inc[tts in the organistn. Animal heat has, perhaps, been brou^t 
too prominently forward in the consideration of the metamorphosi) 
of animal matter, so that it may almost have appeared as if a great 
number of the animal processes were accomplished solely for the 
purpose of generating heat in the living body. When we inquire 
into the objects accomplished in the organism, animal heat acquires 
a special significance from the fact, that most of tlte higher animals, 
however they may otherwise differ, are endowed with a power of 
compensation, which is so carefully adapted to each, that even the 
most different external or internal relations are scarcely able to 
produce the slightest fluctuations of temperature. Tlie conclusioa 
which we might be led to draw from this fact, in reference to the 
importance of animal heat for the vital functions^ is certainly some- 
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what sbaken by ilie consideration, that many of the so-called ™ld- 
bloodfd animals from the a^'^ility of tlidr movement^^ ^^^^ nature 
of their food, their resplrattHy cqiih-aknts, the energy of their 
growth and nutrition, in shorty from the umoUEil of their metamor- 
phosii of matter, are rot so far ditferent from roammals and birds 
as to estaljliih the necessity of this high degree of temperature for 
the mnintenarcc of life, and the cner^tic perforniaDCC of the most 
e&acntial vital faoctions. And arc we not ixr^uing in a circle, when 
we assort that animal heat is subservient to the metamorphosis of 
malEer, and that the latter again is subservient tn the promotion uf 
animal heat ? If we were to asaumCj that this high degree of tecn- 
pcraturc is neceasarv for the forniution of the tissues from nitroge- 
nous foodj as well as for the functions of the oi^ns, and that 
Amylaceous substances are taken up in the organism merely for the 
puqjoac of generating thla degree of tempera tu re, the cold-blooded 
animala, which arc not inferior to higher animals in rapidity of 
gn>xvihj and not uofrequently equal them in the energy of their 
vital functions, wouldj even under such limitations, refute these 
candusiuns. If the carbo-hjd rates were consumed by animals 
merely for the purijoae of generating heat, it seems tcleo logically 
incornprelieusihle why certain Hshes, whose animal heat never rises 
ftbave the surrounding medium, even after the moat active move- 
mcTtts, should live almost esflusivelv upon amylaeeous matters, 
{We need only instance the caseof gold-fishes^ which live for yeara 
on no other food than wafers.) Wc have already endeavoured 
(pp. 316-221) to indicate the objects which may be fulfilled by 
the carbo-ii yd rates beyond that of generating beat in the animal 
body* Wc do not, however, intend by these remarks to disparage 
the importance of animal heat in relation to life. All the odmi- 
rable investigations which have led us to recognise an internal con* 
nection between respiration, certain nutrient matters, and animal 
heat> have afforded us a deeper insight Jntoihe vital procesbes; and 
hence it is no poetical imagery to connect the life of respiring 
beings in reference to their production of heat with the process of 
combuntion. Animal heat does not, however, on that account 
occupy a higher place than every other phenomenon, and every 
otlicr result which is manifested in the active living organism ; at 
once on clfect end a cause, it proceeds, ns in combustion, from pro- 
cesses on which it eierts a favourable retlex action ; it is only one, 
but not the highest link of that imrnea-surable series of phenomena 
which constitute tlic true substance of corporeal existence^ and is 
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in ccrt^n or^Anisms noOnn^ mor^ than ihc tncrititM^ 
i^ucnce of the ehemicftl procesiieB of the animal orguuUm — i 
more than tlie Bna\ result of & moTemeiit r^ulatrd bydefiiulc 

levs- 

\Vc Iiave purposely refencd in brief tcnus to Uie difltfCBt 
tlicoriea <tf the respiration, as a fuUor exposition of ibtoretkil 
ouestiurfl Biid diacussions would Lave hoen foreign to the pkcof 
tltis work [m we Imvc already ob^cried in our mechodologicxl inln^ 
ductiori) ; hf^ncc it ha& m&inly liccn our object to lifnit oursettc* lo 
Uio liolice of facta which have become incorporated with sdcnce, 
giving a critical opinion uf their value wherever it was practirmhlf 
to do so. 

Wc hftvc, therefore, endoai-ourcd as far as possible, to cortsidtf 
the scientific bases on which physiological chemistry baa bwn 
raised to the level which it now* occupieH. We purpose in the W^ 
ceeding and closing section nf this work, to notice the facts wbidi 
have led to the deductions of this or that Ihcorctica] conclusiua, 
without entering into a full exposition of the numerous tiieoMk^ 
questions Aihich are discu^ed at the present day. Nor dow 
think thnt tlie time bus yet arrived when a complete sy&tem of the 
metamorphofiis of aTiimal matter can be given in & trxt-boofcof 
physiological chemistry, and we should even be exceeding t)ff 
widest limits allowed to such a worV, were we to take p«rt 
in tlie content which is still waging concerning many cif thu 
leading questions of the metamorphosia of animal matter, for » 
we have nlrcndy frequently remarked, the noblest labours of maor 
distinguished physicists ahow that we are slill deficient in the fir«_ 
exact physical and chemical Ijasea of a theory of the metajiioq>1ii 
of animal matter. We abstain the more readily from a fitrtfi 
discuasion of this subject, as we should otherwise be compelled 
add to the three volumes, of which our work already consists, ttil 
unotlier, which notwithstanding the e:^act bases laid down in Uif^ 
tlirec former voluicics, must of necessity be a mere repetition of dn 
individual views of the author. A.II, therefore, who desire to 
qua'mt themselves with tlie discussions on tlie more general vii 
of vegetative life must familiarise Ihemselvefl with the ^rmund 
the cojitesl, and leum for themselves, by carefully testing the e^ 
dcnce on both aides, how to reach a higher and more comprelicosivc. 
point of view. But those who do not feel that thoy po&s&»a 
power of entering into such diseussionsT either as judges or com-' 
batants, will adopt the safest course if they accept the ijiterpreU' 
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tions of one, who by his great discoveries in this tlcpnrtniciit of 
science, as ireli as by his eTitraordinary powers of combination, lias 
earned the right to be heard ; we need scarcely say that we refer in 
Liebig. For even when facta were wanting, and when the om- 
jiirical data were unsettled and vacillating, t1ie acutcness of his 
intellect has frequently revealed secrets iu nature which ht^va 
rarely (tiiW, on subsequent investigation, to verify the c*irrcctiip>i 
of bis views. 



Nutrition, 

Wfi have already, in the beginning of this work, advanc:'! r:i^ 

proposition, that the study of the process of nutriti'iri wai <.t: 

crowning point or final aim of all our researches in physi(/'-;;;'-il 

diemistry ; but although all our previous consi'IeratiotiH »■■'! :i ] 

OBr researches tended ultimately towards this point, w«- ^r^: -.*.A 

T br removed from it, nor shall we find that ourexf-rtionn hi'.i-. W.'i 

S Jcwarded with the success we might have hoped to tifAi'it-.vt:, Kvim 

cj licrc we are compelled to rest satisfied with a mere sU'^U:':!. •/.}.,'':, 

^ UOtwithatanding a few sharply defined outlines, is Atii! v/ irrvtff'F'* 

fe that It must be left very much to the ima^inatiori of :;.':.-; : .:A 

t inquirers to fill up the deficiencies according fj th»::r '-Mr. '^r.-- ',■ 

^- tioii of what is needed for its completion, not f'jri'':r'iv:' *.;•, v-^^t 

^ tdoDrs which are thus superadded must noon rri*:rj''. -a"-.'.:-:.' / >/, 

^ ttrcumstances, into other tints, and can orily V; l.\\\- /•:;;„-'; •,. 

ttoie who are familiar with the subject. 

In the course of our considerations we [.a-/*; -.-j*^ ^'^■•.\tf\ >, .f 
Selves with all the substrata in which \.uh 'A\\u.h\ ;,fv-w^ ^^.^ 
:t8ected; we next endeavoured toastertain th*^ u.A.it. f",iV',v; -,f 
^4ie different substrata and processes in the hfMt,ti.'4.Wi ::.*-• \ 'J ^. ,. 
^'^boat essential functions of animal Life, borh 1;. ■^'- r •>/• "t ' . ,■ 
^^kccaftl conditions, and we sought to study \\,*i j^''*, a^-.-yr*': ■,* 
^^hire to each of the four great ero-ips of >■, ,',^//i*j.j ..r t,, i,.,., 
^dividual members, within the animal or:^a',;i-rj., J*, v,', ,., ^, .,,, . , 
i«refore, appear necessarj" to enter iu'^j t?.y t':.i,',ri-.'> t_,y, ^ .[.\ 
r- investigation of those matters^ wh:':;j ar-: },*-/. t-w-it , ^/. 'r - * -,,, 
■niatJon or m^tenance of vital rriotion 'f.'i,i:u 'w.v .' •: .'t.i f. 
CMl which has once been exhaust^^J ':hu j.''.':'-.Viul-.- v, i* ^,\n 
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only by something similar or identical. This restitution mart be 
regulated according to the pipendilure. Although these pn^- 
tions are almost loo self-evident to be advanced, yet it required tie 
most extensive, laborious, and exact inveatigations of the mat 
intelligent inquirers to arrive at the result which now seemB to iK 
to be so simple and so eany of attainment, Tiamely, that the re 
quircments of the animal organism in the accomplishment of tbc 
vital functions, must correspond with those four groups of sb^ 
stances wliich, as we hare already delineated in the above sketfh of 
the motions of animal matter, constitute their essential and fondi- 
meiital elements. But this need scarcely excite our wonder, sincf 
it has required all tlie researches and investigations embiued 
within tlic entire compass of this work to effect this object. Is snf 
one link of this long chain of so slight an importance that it doc 
not stand in the closest relation to the general process of vitslitr? 
It is only by means of all these introductory propositions thatira 
are able to comprehend how those substances, which we havcleamt 
to know as the most important adjuncts in the metamorphosis of 
animal matter, must also be contained in those matters which the 
animal body takes up for the renovation atid restoration of tbiC 
which has been lost or rendered effete (whether it be a fluid or » 
tissue, n ponderable or an imponderable matter), and for the r^u- 
lar accomplishment of the vital phenomena* 

There could scarcci}- be a doubt that the albuminous matter*. 
the fats, the carbo-hydrates and salts, which we have leamt I* 
know as the bases of the metamorphosis of animal matter, must it 
the same time serve as the nutrient matters of the animal body } J^ 
the opinion that one of these groups was more important thw 
atiother to the vital process has led to many errors in referenct to 
the physiological value of the nutrient matters* It was long befbrek 
could be (conclusively shown by experiment, that the value of any of 
those bodies could only be expressed by the combination of thw* 
four categories. How far we were removed, even a short timf 
since, from comprehending this simple truth, is sufficiently proved 
by the various esperiments prosecuted under the direction of differ* 
cnt learned societies, in which animals were fed exclusively Ofl 
nitrogenous matters, as for instance, albumen or animal jelly ; awl 
the result of these observations excited general surprise, when it 
was found that in those experiments, which had been conducted 
with the greatest exactness, the animals perished under symptomi 
uf inanition, and exactly as if they had been deprived of all food- 
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Tbt? nutrient qtialily «f niiy one sulisljmce ttepends M]>.jn Mie infer- 
vcnlion of some oilier Lady ; and it is onlyby tlic red pmcal action of 
tllCEefourfinidamenlyl sxibstarcea thct lifo can bo moinlainecl, even 
H9 it was originaUy begun and int^uenced by tlie Hame means. We 
ought J therefore, to distin^jisb, ui our oonslderHtion of t\\e absorp- 
tion of matter necessary for the maintenance of life, between rbowe 
e^scniioi ntii rifnl rttatferswWich we have Jearnttokiiow asadjvinctain 
tlie metamorphosis of miitter and those nrtlclt^s ofjootij which origi- 
nating either in the ve^Ktablecraiiioial kin^dnrn» generally contain 
tiie former in combinations of the mtrat varied proportiujjSi This 
is, however, bo obvious, that after what haa been alreadr advanced, 
it would ho superfluous to enter further into the subjetJt. But 
if the various arlieles of food differ to so extmordinary a degree 
in the. aainunt of nulric^itt matters belonging to tliest; fourgrnupn. it 
vnuld notnecm nut of plucc to crilimatc the Tiduc of food by the pro- 
portion in vbieli these substances arc combined in them* so as best 
to promote nutrition. However justly the albuminous matters may- 
be termed histogenetic or organ o-plasl.icj and however indispen- 
Bftblc they may be to the vital organs, we must i^eccssarily ascribe 
a Tcry hmltcd mitritivc force to all articles of food winch in addi- 
tion to thealbuminalus contain neither fata nor carbo-h^'d rates, and 
cren if all these matters were eombined together in one article of 
JV>od, we could scarcely ascribe to it any great degree of nutrient 
force, unless there were tiho phosphates aod other snits present in 
it, for no cell or fibre could be formed or regenerated without the 
co-operauoo of tJiese *aks, lf,therefore,all four groups of nutrient 
subslanceaareequal]ynece^sarytuaffordcompen!iatLon to the animal 
organism for the miittcrs which have become effete, or to supply 
materials for the establishment of new nianifestations of force, 
those articles of food will he the best and the most invigorating 
which consist of soeii substnnces combined in the proportion which 
is beat adapted to the animal organism. Hence we see, that the 
idea of the nutritive vatue of avi/ ortic/f cf/ood is entirely relative, 
fts it depends partly upon the proportion in which the four funda- 
mental ba-ses of nutrition are mixed in Jt, and partly upon 
tlic individual requirements of the orgamam that is to be 
nourished, 

Tficre are, therefore, two points which specially demand mir 
ftttpntinn in enterijrg upon a scientific consideration of food 
generally, and of its nutritive qualities specially; the first refers to 
the amount of these four elements, which it contains; and the 
second; to the circumstances under which the organism exhibits a 
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greater or IcisneT necessity [or one or more of thc»c ctemeKitiv 
the mutit^nauce af its intccT^ty, u veil as for the produoicii of 
Oettftin effect! of fitriv. Tht^e q^ic^ltmts must be roKM hy (Jiav 
titative <1 eternal i> At lui IS fur the lUtysiulDgico-cliE-nkKiil M.ttUilciaf 
tlic livm^ oi^atiiam are not ftlone competent to ctacidatc Hoj tab- 
l. We need BCiiroelv obBcrve, tliat in jud^ini^ of Ihr uuthlitt 
uc of iin ju-ticle uf foiwl, ue mu^t not lo&c »igJii of tlie i^mlhrvf 
the nutritive dements bdangiiig t*> llic diflerent grutipK, since thai 
in a great measure determines its dige&Iiliility. H<Lrd-l>QiJed wfciH 
of nggi meat that ba» been boiled for a loitg time, and l^ud cbCMi 
which 15 poor in fnt and in salts, are less eully digested tlian soft- 
boiled or fre^h wliitc of egg, meat steeped in vinegar, or sJi^fttj 
I'uagitlated moist and neb cheese; starch is much more ntpi^iy 
ronvertcd iutci auu;or when bi^iltd than in its raw form, when, »« 
have nlready seen, it frequently and princijxdly passes olf in <n 
un hanged Ntate.^ whilst aiR^tber c^rho-hydrate, nnntelv celluluse, ii 
only employed aa food by certain animals under 3]tccia1 rcbt««& 
Notwithstanding their identity of constitution, the members of 
same group frequently exhibit very great di^creiioes, depeTid 
upon their greater or lesser aecessibility to the agents of dif;eiti 
An article of fooJ may, therefore, owing to the indigestjbilltj ai I 
constttucntSf frequently possess a far less nutritive viduc than «t 
should e7£[wet from the mixture and coropositioTi of its elenieitti 
or nutrition- It must not, therefore, be wliolly forgotten, thrf 
the digestibility of a substance constitutes otic of the factors of its 
nutritive value. As, however, this subject closely eorrespon^Js wiih 
ail that has already been stated in refcrenee to the digeslibililr <J 
the different nutrient matters, we will nuw revert to the mainquei- 
lions already r*oticed| the former of which considered the pro 
admixture of the individual elements oF nutrition tn the nuth 
substance- Before we proceed to decide the qnestion of what fc» 
thi; most favourable proportions of these four fundamental nutncnt 
mntters in nny one article of food, (and, therefore. Low tba nomul 
nutrient matter must be eoriatituted in order, under the commos 
relations, to yield to the animal OTj^anism the materiala nects- 
sary for the fulfilment of all it* functions^ as well as for the 
renovation of effete matters,) it will not be out of place to consitlfr 
from ihia point of view the composition of the ordinary artjcks 
of food I 

As the nitrogenous constituents of the nutrient matters, that s 
la say, the albuminates, are principally employed In the reprodu 
lion of the tissues, Euid of the actual organs of the Qnimal orgaitism 
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invest! ^sitorB, amongst wliorn Roussiiigiiult ranks furcmosl,*^ have 
more es[fecially directed tlieir atlcntiijn to the amount t>f tlicae 
matters contained in Ihc food. As vp;5ct(ibl:' fuod commonly t'oii- 
teins only very amall quantities of other tiitro^enous matters besides 
tfie nUiumitialeSj it was tboiiglit lliat the iiiirogen tbej' contained 
would aRVjrtI a proximate meiisnre of the value (if llipse luattera 
in refereace to tlie reproduclion of the tissues, and, therefore, to 
one of the mtist imporULnt parts of tlic metamorphosis of inatt&r, 
Besides Bou^sin^ault, Thomson,+ and more especially Sehloss- 
l>6T'ger i and Horsfurd^S in part under the direi^tion of JJebig, liavc 
tnade tolerably extended InTeatigations in relaliun to tills subject, 
liielii^ has, moreover, au^^ested the institution of very complete 
investigations in referei^ce to tlie other classes of nutrient matters, 
with a view of determining the quantity of tlie carbo-hydrates ot 
otarclL and of aalts contained in a number of different nrticles of fond; 
Horsford and Krocker|[ have made the most tidmirable observa- 
tkms ill respect to this point. As the numbers obtained in these 
inquiries are of the highest importance to nvitrition in more than 
one pc»int of view^ altlmugh it is not possible ta give a eomprehen- 
»ive list of ihem^ we are induced contrary to our uaual ooetom, to 
give the fundamental values found hy these different obeerrers, 
lUO partfl of the thorougljly dried subalances yielded the following 
results t — 
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Amoii'^ tlie interesting onnclusiuns irliich mny be drawn from 
these iiivuslii^aliims, wc will simplv refer to the observation which 
liad eurlicr Ihtm matle by Srhlossberger, l/iaf the amount ofnitrofftn 
in nuiJtriifitr fibre dot's not essentially diffvr throughout the vhoh 
animal kintfdmn. The Jtesh offish contains tbe £t\ine absolute 
am()U[it of tiutricut mutter as that of the higher nnimala; ojftlfn 
on the contmry^ in (Opposition to the general Yiev, contain far less, 
atul Iicnt^e tlic difference between the absolute amount of nutrient 
hkuUer and tlie amount of easily digestible matter is noost cleariv 
mIlou'ii. 

Wo need, however, acarcety ol>&erve, that we cannot juJge 
directly from the amount of nitrogen contained in animal nutrient 
nmttcrH rcj^rding l!ieir direct value in the reproduction of the 
liLiHid and tissues. For tlic nitrogen, which is found, depends in 
|inrt upon the gelatigenous matters of tlie animal nutrient mh* 
Hlanccs; it is, however, still very doubtful whether the gelatinoiu 
^aulMtenees can contribute attytliing towards the reproduction of 
tltfi IJMucit Although it may at leuit be seen with certainty from 
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llioir compoftilion that they cannot fulfil tlie fumc obj cots aa the 
true jilbiiminoiis suhst^nre^^ 

The followirig tablei gives tlic results of tliose invest! ijatlmw of 
Horafortl ii'hich were at the same time dlrecteJ tu tlie eliicidatlon 
*>f tfie nmount of a&li nnd siilphur containeJ in vegetable food!— 
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T\te Tiumljfrs of the non-iiltrugentius aitbstances, given in the 
fifth eoludiii, refer not only to the starch, hut inclode, in ntliKtiiin 
to this, the ccllijlo3e> va^, or fat, &c. ; ami liencc it svaa important 
to determine directly th« starch corteined in these substanccs- 
Kmckcr made determinatfonH of this kind, which vielded the follow- 
ing nurnhers for tvery UW pnrU of tilt dried substance :— * 
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Fnim t!ic%e ftud si^vernl ^^lll^lar ilolPrniitialioris Litlii'^* 
constructed a tftUe, vrliich nlTortls n genenil view of the |>ri>|>orti 
bets^een ulbuminalcti mid n[>nintri>^ciiou3 nutrient suU>»tJitit*es lo 
the anj*l ixjainiun atticles of food i*tr man (laking the ftlUnminn 
aa the unit). As Lichig here <?oriPiiders ihe noii-Tntrog(.'iioua nial 
n^aitdy tui promoters of aniiiiiil lieaL. ami as tlicac hnclica^ namr 
the fata ami car bo-Ii yd rates, exercise a dift'crciit influence on t 
generation nf lient, accordini^ to the amount of osygeii wliich tli 
contain^ it is nece^snry for the aimplifii^fttion of the |irii|innT 
lo Lake tficir iumiynLi of u^cygen a* tlie measures nf cuiiipftri 
between the fnts and carho-h \ drates ; ten parts of fat must tlius 
reference to the pcncmtion of heat correspond to aliout 
piirts of slardi i suL^nr of milk Jind glucose are llius nutu 
reduced io the corresponJing value of slarch by tbi; dedLKtion of 
the water. On this supposition l/tf rehtioa of vcisfhl tttiuxvn t 
piasiic and tUs non-nil rvgejiotia coitsiilj/tnis of the food is 
follows : — 
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Anderaoiit bfts recently made Tery extended nralyae* in 
ference to the nutrient qualities of different kinds of fodder forcaltlr* 

If we refer to vhat has alreiiJy Iw^en stated in ihe general con- 
sideratiou of tlie metamorphosis of animal matter regartliii!; the 
physiological importance of the sepamte ^ronps of nutrient sub- 
stances generally, and of tliat of the fats and ciirl>o-hvdratti 
specialty, we shall be induced to diatin^ish articles of food accord* 
ing to the quantity of fat and i^rho-li yd rates which they contain; 

* Cbem. Dricfe, 2 AaA. lB5],a4ti3] [cr Letters oa Oicniistrj. Lonjon, 
t JonnuJ of Agiicultnre, IflA.% p. fiOS-&lfl, 
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that is to say, tlie relatively best kmds qF food must cojitnijx fut as 
wtll a,"* carljo-liydrates ; under farourable relations the sikimnl body 
is certainly aljle lu eUborate from the carbo- hydrates the fat 
which it requirca ; but independently of the fact, that thia produc- 
tion of fat would appear from all our positive experiments ta be 
tolerably limited, the production of sugar in the animal organiem 
showSf that fnL and sugar have very difTerent ard not unimportant 
objects to folHl in it (see p. 220). If it be true that the dictates of 
animal instinct ought in general to be followed, this la more espe- 
cially the case in reference to the selection of food* The general 
dispoi^iticii to conihine highly aoiylaceous food uith f^Lts^ and 
falty matters with amylaceous suhstances, and the undoubted 
greater digestibility of such iiilxtureSt prove no leah than the 
simultaneous fjccurrence of fat and augur in the milk of animals, 
which 1!^ j^onerally recognised as a nurraal type of food, that both 
subsTanfp.s are nccesiiary to the cotiiplelion of an article of nourisb- 
mcnt which perfectly satisfies the requirements of the aiiiiDal 
organism, IF, therefore, any one of these substances may servo 
in certain general rolntions aa a substitute for another, especially 
in reference to the development of heat, this does not in any way 
militHtt^ a^Hinst the special utility of either. But when Liehig 
included such difTerentsidjslanees as fats aiid ear ho-h yd rates under 
the general desigufltion of respiratory elements, he was far from 
holding the opinion that, independently of the difference in their 
capacity for generating heat or their so-called respiratory value, they 
were of equal imporianee in llie netFinioTphosisof ariinial mailers — 
n fact of w'liich ^^'c mi<rbt readily convince ourselves by an attentive 
study of his most recent deductions regarding the Forma of metamor- 
phosis which the fats and su^ar undergo. Although Liebig compares 
animals to " moving furnarces ** in respect to the development of 
heat and its eauses in the animal Ixwly, it requires a strong faith to 
interpret this expression in the broadest sense of tlie words, or to 
rt'gard his somewhat overstrained pliy^^ical view as calling for 
serious refutation. Liebig rnnks thcfati with the earbo- hydrates in 
his consideration of the dillWent articles of food, on the one bond, 
because both serve to compensate for tlie carbon and hydrogen 
which are lost through the lungs, and on the other hand, because 
however much mti^ht be advanced in favour of a systematic sepa* 
ration of theso groups, iheir specific functions in the nieta]nor[iliusis 
(if aniiJtal [Liatler \ia\e not ]>een tletermined with suthi:ient strict < 
ncss cither by decided cspcrinicnts or direct observation. Tiie 
tuuc, bowovcr, will come, and is assuredly not fur dij^tiintj when we 



40fi 



NDTHITIOH, 



a ui 

i 



shall lie Me by csUUisliiii-j tlip rektUMiH of the inoat ^votimU 
lulmt^ture of (UfTcrcut r.rticles of food, to Wep tlic fflla and cbi 
hyUratcssutticieiitl)' separate* and to attempt to ascertain the pro 
tion betveo:i eaob individual clement of nutrition and all 
others. For ih? present we mu.st> take the iiomi&l food wli 
niiLiire itscU has prepared for the infant organism na the st^nJ. 
by which to judge of the moat favourable proportions in the mixt 
of uutnent substances. If ve assume the mean constitution of 
woman's miJk lo be that mixture of the foor groups of subsian 
which 19 best adapted fur the nodri^hmeiit of the human orj^riin: 
wc ahould find tW the mo3t nvitritious fuod exhibits the pro^ 
tion of 10 parts of i^fa^tio matter, 10 parts. of bt, 20 parts of su 
and O'G of a part of saltSn 

In our investigation of the most favourable mixture of the 
different iiutrltive malters, we must uol forget thut these reU- 
lions change in accordance with the condition of the organism, for 
the requirements of the body equally demand variations in the 
composition of the food and in its absolute fjuantity, Even in i\\c 
consideration of milk, we are struck by the fact, that nature has 
been careful to vary its composition in accordance witli different 
circumstances, whilst its proportions remain invariably the same 
uiitlcr perfectly similar circumstances. The proportion of the can- 
slituents of iius nutrient fluid, which nature provides for rhe suck- 
ling whinh iias just begun to breathe, is the same in every raio. 
but is quite diSerent from that which u supplied to young aniniali 
after they have bLeathed Hie air for a longer time. Tbc propof" 
ttooTi in which the eonstitueiits of the milk occur are n]oreo?«f 
diiferent for the different classc!& of aiTJmaU; co^'s^ milk contains 
relatively leas sugar Jind more fat and casein ihaiL womati's milk; 
while assca' milk coiitains very little casein, hut, on the ulherhjuidi 
ntueli ^ugar and far more fat. It cannot be denied that (as t< 
have already noticed Jii vol. ii, p. 3J3') the food which tlie mother 
may lia])|ien to lake exerts a cerlain Influence on iheproporUuti uf 
the cunstituentA of the milk; but it may be readily sbown by ■ 
comparison of the invcatii;Btiona made in relation to this ?.ul^rd, 
that there is for every species uf animal a certain fixcti pr(rpi;iiicm 
berA'een the constifuenrs of thin primarv food. It would appear 
uhvions from these ind lealruns, thai the requirements of theaiiiiml 
organism, which arc influenced by various more or less prepon* 
derating ft^cncie?^, must present diillrcnees in the admixture ufilie 
necessary nutrient raaltera. The effect of different inducnixs tif 
the external world, the higher or louver excitation of the tiidividiiil 
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Biiimat fLnctiuns, imeiitnl e:ccit«m«nt, At, tiecesaarUy C4dl for a 
restoration of tbe material parts lost in the different processes. 
TTiia IS so dear that there can scarcely be a daubt on tbe subject ; 
but ne are stiH entirely in the dark in reference to iLe mote esact 
detcrtniitatioiia of the projwirtiona which are reqairecJ to enable us 
to calcdlatc the composition of the food, which is beat adapted for 
each spet^iai organism. The physiolo^at sbonld. however, attempt 
to oaleulate for a giren organism under certain definite conditions^ 
the proportion in which the speeifll nutrient matters rtngbt to be 
mixed in order that the jjersislent well-being of the organism may 
be secured; and in this respect phyaiology has the l^est prospect of 
attaining to determinate numerical values; from these we may 
then conatruot ceneral fonnulce, by means of which we smy bo 
^nnhled to predict with mathematical certainly the result of any defi- 
nite action upon thcaiitmalorgaui^m. The functions \vhich most be 
considerc<linaformulaof till* kind are certainly very numerous, and 
very many iuvesti^i^tions hsx^'e still to be made before this object 
can heattniiicd^ But if tljis l>e an extensive field whcse eultirntion 
n nfill bfset with great difficulties, it yet promises the richest 
results which may not only influence theory, but which will also 
mate a markeil impression upon practical life- Dietetics would 
tlten be based upon a tirmer foundation, and it wiU no longer remain 
a mere illusive idea that the liealing art may be made accessible to 
rxact infjuiry. 

A more important question than the determination of the rela- 
tions of mixture in ditftrent articles of nutrition is I hat ofthe ahsoltite 
<|uantities of food nMch are requisite for the iiiaintensnce of life, 
and fur the energefic aecuuiplishment of all its functions. A very 
great number of observations whidi contribute towards the solution 
of this question liave heen made on man as well as on animals. 
These iii ventilations have, bovveverT been conducted rather with 
the view of comparing together the escieta of the animal organism 
gcTiendly, and of finding stmie ^^tandard for the amount of the 
mctamorpboftis of animal matter* tlian with special reference to the 
question of the quantities of favourably mi\ed food, which tho 
orgaiiiBm requires far its natoral well-1x*ing. If fur the present we 
put th«e investigations entirely out of the questionj uEid consider 
the methods by which we mny determine the amount of food 
which is necessary to the organism, we find that there are two 
modes of determinalion which especially present themselves lo our 
notice. The first metliod consisfs in e^cpcrinieiitin^ kjjinii imeself 
or ujxjn animals with the smallest posMble tjumilities of dillerenlJy 
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mixed food, until wt hnvc Ikch able to ii\u\ tlic auitAble amou 
ht;d tbc most correct proportion for catch individoaL case; l>ut tJim 
mode of testing could only be adopted at the exfer.*e of trcuhle 
and time, nud would throw little or no light on tlic question. We 
must, tliereforc, WU fibout oa for some guide in this method of 
inquiry, and this wc shall titid iik the invcsti^tiori and qiiantitatiro 
c^«tcrim nation of the excretions of the anima.! body. If the klUr 
ActuaUy afford a standard for the metamorphGais of aitimal mattCT, 
and if we are able, from iheir quantity and compoaition, to 
jud^c of the true loM which the animal body experiences doring 
Uie activity of its orgnns, they ought also to give us the qunntitj 
and qunliiy of those substances, which the organism requires for 
tbc restoration of lis effete matLers. ThiH last method of inquiry, 
which is biiaed upon the proposition that the requirements of 
nutrition are rcgvlatcd by the amount of the loss in the body, 
npptmrsat 6rat ftigbt to be so Mmple that one mii^ht almost wonder 
wliy, afier aiicb lahour?^ els those of BnussingauU, Lining, Valcnlirij 
Barral and other distinguished investi^alorsj this problem Las not 
yet been completely solved; but the inquiry is here met by 
numerous difhcnlli&'twhieh have hitherto prevented any exact dcter^ 
min^iLioEi uvcn for Uie Kiin}kle^t relations, partly on account of the 
constant flnrluations in vital activity and partly from those external 
trdlueiicca whieh do not admit of calculation but Mhicb materiaih 
aftect inquiries of this nature. In order to nimplify the obacr^ 
vation, we should be especially carefully to aee that the orgAn 
V^hieh was made the objeeC of investigation did not present 
iiuTCiise of weight in its organs, or that il was no longer at tb 
period of groA^th, during whieh it required to consuQie niwn; 
umterinh than could be ni^iri truccd in tbc excretions; we must 
further avoid that kind of feeding to\V'hieh the term ''fattening'^ U 
a|iplied in agriculture j in short, the organism sliould he maintaineJ 
>n all respects in Its normal slate, in order that a conclusive pntii 
may be drawn from the cscrcta in reference to the necessary 
amount of food. Tiie best method, therefore, of finding at Ictist 
tho minimum of the food necessary for the support of life, is after 
stopjt'nignH «u[)p1te*!) from u'ithoutj to determine the quantities of 
matters which the organism loses hy the excretion of urine^ fcecMt 
and products of j>er3 pi ration. Tlte nnmerooa experiments om 
inanition, which were furmerly made on different animals, appeared 
to jiresent a gond hasis for this ninde of fihservntimu But, liow* 
erer important iL nmy he lo know the niiuijnutn quantilies needed 
for the continuitncc of the life of the Drgimianif thc^e kinds ofexpc- 
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rim ents afford very slight indications of the qikSTititie3offof>d which 
are necessary to irmiiUHLii the animal iri perfect health nniJ m the 
full use of its powers. When we deprive an animal of all food, all 
its functions become impaired, both in their intcnait)' and e\tcnt; 
and abnormal sympioms frequentlv occur, such ns diarrhcen, slasei 
of blood in tlie different systems of capillari^, &c,; if, therefore, 
we wish to make the excretioiis of Mich aniiiiala a measure by 
which to judge of the quantity of food indispensable to life, wc must 
remember that this measure ^ould scarcely sufhee to aSbrd the 
organism more than a scanty esistence, for, as we liave already 
fftntefl, the functions of the organs^ the matiife^tations of force, and 
the metamorphosis of matter connected witli it, are totally different 
in a state of repletion and In inaniiion. Such experiments arc 
ne^-ertlieless of high value to science. 

But liuw can the smallest quantity lie discovered for an 
amount of food uhich may give the organism the fall use of its 
^ultics? H the atisorptinn of nutrient matters in the intcatinet 
that is to £ay> the absorption of digested matters were limited to a 
greater estent than it really is, if no locrc nutrient matters entered 
the blood than were netc-ssary for the reproduction of the tissues 
and of the various functions, we migiit, perlmps, nut withstanding 
3ome difHeuItiea, calculate with tolerable eicactness the amount of 
food required for the organism, from a comparison of tlie excre- 
tions and the food which had passed unchanged into the fioees. 
Now we knov, from our previous considerations^ that the organism. 
IB not able to convert an unUmitcd quantity of nutrient matter into 
blood ; we ahvays found that after partakiag abmidantly of any kind 
of nntrient substance, some portion of it remaintd unchanged. The 
exact deterniiiiMiur]s by weight, made by Buuftslii^ault in reference 
to fat, those of Bidder and Schmidt in reference to the albu- 
minates, and those of von Becker in reference to theearho-hydratea, 
prove that only definite quaniilies of these substances can be 
resorbed by the intestine within a certain period of time. But 
nature haa sXso here given very wide limits to animal motions ; 
tliusj for instance, very many experiments show that the organism 
i3 able to absorb through the intestinal cnpUiaries ,intl the lymph- 
atics a much larger amount of nutrient matter or chyle, than it 
requires for tlie restilution of the effete substances, or for the 
accomplishment of different purpoaea of life. In overfeeding the 
animal which is beinj^ experimented upon, a part of the food cer* 
tainly passes unchanged into llie e\ciemen|s, but anollier portion 
enters as superfluous nutrient matter into the blood, where it ia 
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rjot employed either for the restoration of lost matenals, or foi 
increase of mass in the body or ita individual organs, or for iht 
accompli slimfnLs of any other ohjects of lire^ but is again given 
the external wurld, after li^^-ing undergone certain aUerati' 
which render it more capable of l>eing excreted. TJiere is, 
fore, an actual superfluous con.mmptiort [Lujnts-cotwumpti&rtjXo aw 
CtSohmidt's expression), whenever there is this abundant supply 
food. In inch a case the organism takes up far more thaa 
requires even for the most active acccmplishnient of all the li 
functions. The difHculty consists, therefore, aiinpl)' in flits, t^iAt 
wc are unable accurately to determine the meaa which T*iU 
the or^raniBm neither too little nor too much noun&hmcnt for 
mnihteonnce in their normal equilibrium of ali the movemcnta 
mittier^ and iHe tnanifest^ttions of force depending upon them. 
Schmidt and Bidder hravc, therefore, designated iisauperfluona cciii- 
sumption [Ltiynts-ca/istifinpfioH] whatever esceedcd the amount of 
food which was shown in experiments upon fasting wiimda to be 
aHsoIutely necessnry to life ; and hence they have tAken the mini- 
mum value of the metjunorphosis of matter, asthe unit witli wbi^ 
nTT further cxperifncnta on nutrition miglit be compiiieJ, ^M 

In delorininidg the abaoluto quantities of the nutrient auiBB 
stances, on which the metamorphosiB of matter depends, there are 
three ma-rnitudes which we are especially called upon to eonsideri 
the hrst is the quantity of food wliicli will prevent the organism from 
sinking hy aturvation ; the second b that which afibrda the ngbl 
supply of nourishment for the perfect accomplishment of the vital 
functions ; and the last is tliat nhicb indicatesi the sum of nutrient 
mntler winch n^ay under the most favourahle elrcumstancca he sub* 
jccted to metamDrphosia in the blood. 

If \rc should fiucceed in fleccrtivining the mean amount of thr I 
mctaniorpliDfiisof matter^ ar^d consequently of detemnoing the eoh 
resiJiuuMnij quantity of food, it would lie very readilv Been, ihaX | 
like everytliing In the living urgjinisnij this amount will aUo tbtt 
escessivcly according to existing conditions. It appears aln;i>t 
self-evident that there should he a greater consumption when all 
the vital functions nre in a state of unw on ted energy^ or during any 
considerable or continuous numife_staLion of force, than in a sUtf 
ofieat or vegetative passivity i the previously noticed increasecl 
the urinary constituents, otid the more profuse perspiration ttfttf 
bodily exertion, have alTorded the most positive proof of this \vL 
The necessity for nourish nitM it is, therefore, increased with thf 
irHTeaae cf c\tcrital at^tivity (auLivity (le|>endent on exeitioin) j t)«» 
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prtpositroii is so clear, snd is proved by sucli numerouB facJa in 
«ur diiilj- tspericnce, tliat it would he superfluous Ui enler ui^re 
fully into this subject; vc will only observe tLttt in ntlditmn to the 
aborc-iiidicated standard, a special slnndard might nUo he estab- 
lished for the consumption recjuired during a period of bodily 
laliour^ aud ihat, in additioi* to these, many oilier relations involve 
difierencea in the requireraeitU of iiutritiooi 

In all these coses, we liave proceeded on the assumption that 
M'€ ate considering iin orgnnism which lia^ attained its full develop- 
ment, — In wliic'h, Therefore, the abstilcite weight of the living object 
remains the same, so that the excreta can be iLceumlcly halaitced 
by tEie in^c^U. There ta still greater difficulty in deciding the 
qiieatioa regarding the nbsulutc cstcnt of the requirements of 
nutrition when growth, corpulence, or pregnancy, and similar rela- 
tions in which there is an increase of wcJi^lit,havelohe considered; 
in these cases the cseretu f&U below the inj^estj, and hence the 
latter cannot furnish any conclusioT>s regarding the quantity of tho 
nutrient maUers whicli are necessary for the due accompIisJiment 
of ihesc pliysio logical functions, fioussingsult was here as 
throughout the whole of this department of inquiry, the first to 
lead the way, and he instituted a numerous sieriea of invcatisntions 
nhich have already yielded the most brilliant results. Yet nol- 
HitliHlaiiding all these htveiili^atioii& we hnve hitherlo failed in 
establishing any sharjdy detined determinations of the amount of 
food necdsfiary to the organism under certain given relations. How- 
ever much we mny hove learnt from the hiborioos researches of 
didereiit inquirers, we are still entirely wanting in the exact normal 
determination«T to which we had hoped to attain in this deparl- 
menC of science. 

The sketch which we have here given of the experiments mude 
10 determine the necessary amount of food could only serve as an 
iittroduetion to further considerations of the actual phenomena of 
mitrinon ; while at the same time it might indicate the direction 
by ubicfi we might uioHt sccjrcly tmvcr&e the still mysterious 
labyriutb of ever varying phenomena. It might not he out of place 
if, before we passed to the special statistics of the metamorphosis of 
Animal matter, we were once more to revert Co the limitwhich the 
resorption of nnrrient matters from the intestine cannot exceed, 
nnd which consequently appertain to nutrition and the metamor- 
phosis of matter. Althoueh this subject has frequently been touched 
Upon m the course ai this work, we liave deforicd to the present 
moment entering mure fully into this que*^tioii, as it has the most 
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direct Itearing iii>on the phi^numer>a of nutrition^ whioli we 
About to ctjrMJfr, its elucidation being to a cert&iii taxtenl ific 
first pi>iiit from which nc are able to obtftin an insight into the 
quantitative relations of tbo mctamorpbosis of matter during nutn- 
lion. Unfortunsiely, however, we possess only very imperfect 
investkgQtions on this aubjeotj ibe most complete of vhich are 
tlioae which wrrre made by Boussirgault* on ducks. Tbese Bjiinuls 
were left without food forJGboars before the beginning of each eipc- 
nmeikt, aUbough they were allowed to take water during Ibis tiin*; 
fjr tbe purpose uf the sctual experiment the fuod in c^ufstion 
introdured \n ibe form of balls ; the ducks were killed at diffi 
inter^uU cjf lime, and the excrements, as well aa tl>e contents 
the iiiteatines were ftnidysed with special rcferenoe to ihc fjuan 
of fat and nutrient matters Rtill remaining unresorbcd. It was of 
course necessnry to deleniiine before each series of e:v]iertmciiU 
the quantity of fat and nf other iLiutlers, wIiil-]} ^encndly rcnuiinL'd 
in the intestine even after ;iti hours' fasting, Ho^^eve^ carcfullf 
Ibese investii^ations may be conducted, we ought to exereiae 
considerable caution in deducing any conclusions frooi the results 
tbiTS obtained, Fcir independently of the fact, that these remilU 
obtained from ducks do not admit of conlpafi^on with the corrc- 
Gponding relations of higher animab, the birds thus e x peri men tcil 
upon not only ohtnined the articles of food given to ibecn, 
unmixed with other suhstunee^, but also in a fcrni to irhieb ihpy 
were entirely unaeeualomed. We have alreiidy neen under the 
bead of '^ Digestion,'' that individual articles of fttod, na.for in&Unre, 
the nitrogenous matters, wlien tbey are introduced into the inlea- 
tinal canal independently of other substances, are Leas easily 
(fii^e^ted ; there would, tlien?fore» be less niatler to be re^orlwd iif 
these cases than usually occurs under the ordinary relations ul 
nutrition in ducks. Nor can any one deny, that food differirig M 
niiEch from the ordinary kind, as rolled up pieces of dry chectc or 
gelatin, must be quite inadequate to afford any conclusive evidenn 
of tlie norn.al relalions of nutrition in ducks. If^ liowever, all thnt 
objeclions were t-bvintod, and the contents of the intestine and lie 
excrements were nut only weighed, but also analysed, the cirCQn~ 
stance that tlie intpj;linal excretion was different duving di^nicit 
from what it was in a iitate rjf fa.stinu, must essentially Influence 
tlje accuracy of the rctiults; for wckmm', and shall hare still fuiLha 
occasion to see in the ei>urse of our consideratifins, that something 
more than the undigested and nidi^t&tiljle remains of the iiutnciil 
■ AitJLdvChim.Mdtriyt, 3 6^r.j T. iSj i>. 44i 470. 
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sulistnnc^s |>ns9C3 intj the mtcatinni oscrcmcnts, for allliou::1i *rc 
have leai-nt ihaL far le^fl bile passes into ibe escremcntti tlmn was 
formerly sup^josed to be the case, we have seen that the iniestinal 
ejccretion i& by no means iiiponsideraltle for certain substances. A 
far smalli^r qiiantitf of hilc ftrjd intestinal mucus U, however, 
secreted m t\ fnstin^ state than in a condition of repletion. Yet 
notivithstandiii^ these uneert^iinlieB, BouBaingault^s results retain 
their value, dir if we were not possessed of these direct detertuina- 
tjQiia, wc should scarcelv be able to obtain even an apprfj.^unatf^ly^ 
correct idea of these rclfitiona. We linvo, therefore, simply given 
in the foil o win i; table the results obtained by Boussin fault's inves* 
ti^aliims, according to whieh the ditferent ^uhsranees pfiss in one 
hour, in tlje quantities Indicated, frara the intesLtiial chtlilI into the 
blood of a duck. 
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In connection with these uncertain determination b^ bovctqI 
highly interesting considerations here suggest themselves, to which 
we shall revert at a future [Jage; contenting ourselves for the pre- 
sent with the observation, that the alhumlnoas substances alone 
arc totally insufficient for the rcatorntioo to the body of the carbon 
which is lost hy respiration i according to Boussingault, a duefc 
expires in one hour I "25 grammes of carbon, whilst the albuminates 
which are resorbed within an hour contain at moat only I'O gramme 
of carbon. Fats or carbo-hydrates must, therefore, ncccasarily be 
commingled with the albuminates, in order that there may be a 
due compensation in the body for the loss of carbon which normally 
occurs through the respiration. It is still nn>re striking, tluL tlie 
quantity of fat which is resorbed in one hour should be wholly 
inadequate for this restitution of the carbon ; 0*84 of a gramme of 
fflt, whieh IK all that ia resorbed during one hour, contains about U"? 
of a gramme of carbon, and, therefore, scarcely half aa much as is 
eihaled by the lungs in one hour- The carbo-hydrates are, how- 
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ever, resoi-be^l 'ly l^e inlMtine in siiflirienr. qunntitJrft for ll 
nT|uiremPEibi of res[>iratimi, onJ i1 is moreover worlliy of nnti< 
tliflt very nearly as much carbon is introduced tntij ttic bcKiT in 
equjil (icnuJs of time by sUirch as by tlie absorbed sugar, (For >' 
parts of starcli aiid 5*G'2 parts of sugar which are resorbed in 01 
hour, buth contain about ? .17 of carbon.) 

The very im|»ortn[a queslion liere presents itself, as to v] 
changcH arc impressed upon the blood in consequence of the nbsoi 
tioTi of different nutrient matters; tltia being undoubtetJly the fil 
step we ougbt to lake if we would enter ujxtn the inveiii^ 
tioit of the nutritiDn of tlie animal body. Vet notwiLljstacd- 
ing the efibrl^ of runieroua 'fidmlrable inv^csti gators, wc an 
still very imperfectly acquainted with the most importitnt point* 
f>f tins inquiry. We hare already referred to the influence vrhiolfl 
nutrition in j^eneml ordigeatiou exerts on the pby si cal andchemioJ 
cliaractera of llie blood (see vol. ii> p, 261). Very few special inv»ti- 
i;ation3, deserving of notice, were made in reference to tbc inflacn^^ 
of different kinds of food on the conslitutitin of the blood befij^^ 
tho^e of H- Niisse,* with which we may associntean observation of 
Verdeil t on the ash of the blood of one and the name du^, vhuh 
had been fed botii on animal and vegetable diet. The relatu*: 
quantity of chloride of sodium was in both easea nearly the sumo 
(Su;;-) ; after the dog had been fed upon annual food the ai^h eon 
tniited more sulphuric and phoi^pliorit^nnds^ mid coiisiderabty mt 
Etoda and oside of iron, but somewhat less potash, and 
much leas magnesia than nflcr a, vcj^etable diet, Doiisaingai 
was as httte able ofi Bouchnrdat and ^anrlnis to discovc-r thttt tall 
food had any decided indueni^ on tlie amount of fat in the bh 
of dogs. 

Notwithstanding the nainerous esperimenta which have 
made by Nassc, the number of constant results wbicb they lurf 
yielded is relatively verj' small> in consequence of the grejit fluctU' 
ations which wrxe observed in the corstiCuLion of tbc blood ; thew 
results reduce themselves to the following points; after m meal 
diet the blood- corpuscles in the dog esbihit a greater capncil 
for sinking; the hlood itself presents o darker colour, which becoj 
whitish after the ahuntlaut u-ieof fat ; the coas^ulation occurs si^ni*"- 
what niore rapidly than on a vegetable diet ; a continuous aiiii 
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diet incrensf B llic Rmouiit of fibrin (ix.i 1 have oltaerrerl* in ray ovtn 
case,) after lidng exclusively on purely aniin&l food, and augments 
the ninount of i\\c pTiospbutes Jiiul of tlie Ralls g<^iierBllj\ Tlie 
Cfuantily uf fat in tbe blood increases even iluring the 6rst hour 
after the use of food whieh ia rich in fat; hut it spt^odilr falls 

The lilood of iloga is for ifie mast [lart of a fiomewlmt li^liter 
ftlkidc ufeciluur when kcjit on ve^ct^ble than nli'en kept on animal 
food, and the sinking cnpacity of the blood-corpuscles ia soiticwhaC 
sn>aUcr ; the s|>ecific gravity of the l>l<iod, as well as that of the 
seruTn, is inpreased during the lirst tive hours liy a vegctiihle diut 
(especially if thl^ Le eojrljined with the slniultfuieous usr of sugar). 
The amount of Hhrin is not altered ; tbe fct^ however, ia somewhat 
dirniniAhE^tl, \«hiUt the amount of the suits including that of the 
phosphates is somewhat lessened, 

Contiiuioua deprivation of fuod rondcra the blood somewhat 
paler in colour, rciiLrda its coagulation, and raises the speciiic 
gravity both of the blood and of the Bcrum ; the riunihtrr of the 
bhx)d -corpuscles is very fluctuating; the fibrin rises only vligliUy^ 
while the nuiount of the ^alts is very considerably increased- 

After the laat meal tlie quantity of the solid coiiatituenta of 
the blood increases to the ninth hour, when it again begins to 

The few results which Nasse has been able lo deduce from the 
careful labours which he prosecuted for years, show iKtw unable vca 
still arc to trace the metamorphosia of the nutrient matters in 
nutrition throu^^h its individual phu^cs. Wehave lierea conlirnia- 
tion of the remarks which we made in our introducdur, tliat our 
IcnowUdge of the intemnl inetamurjihosis of matter is still extremely 
incomplele, and that it is only by a conkparison of the chfrniiciil 
qaahtiea of the diftercnt juices and tissues, and more e&pccially by 
carefully conducted etatistics of the L^iial results of the mctauor- 
phosis of animal matter, that we can hope to form & correct judg^ 
meiit or arrive at anything like cuneliisjve view& AVe cannot, 
therefore] trace in detail the tintil destijuca to which thealbu- 
miji&tcs, the fats, the carbo-hydrates, and the salts are subjected in 
the animal body, nor can we venture to do more than indicate the 
fects that lead us to those considerations, which we have already 
given in relation to the metamorphosis of matter generally [nee 
p* S07)> It* therefore^ only reiDain3 for us to notice, La reference 
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to the chemical plitnomena of nutrition, the facts snH iHu con- 
dvissririH 10 be deduced from them, wliich hftve Iiillierlo Sxta 
obtaiiirtl from sUtJaticnl inveAtigntiotJS. 

The iteit question which caual cnga-e our attention i" tlii* 
respectj is to delermiiic the amount of food which, utider normal 
reUtionsj is daily stilijected to the metamorphosis uf matter in An 
fidult umti, and the muUe in vhicth the priiducts, into which lite 
nutrient matters bTc dccoinpoaed during their stay in the bodyf4re 
distributed in the excretions* The earliest exact investipitiona uf 
this kind were made by Valentin* on hia own person. His bodily 
weight \ye\ng 53 kilogrammes, Valentin found that he consumed in 
the tffcnt\--foLir hours on an average 2324'OJ grammes of otbted 
food; of the products of metamorphosis which were eiccre*cd 
during that time 190'73 gramtnes were eliminated nith the >oUd 
exerementsj 2447*7^1 gf*^"inies with the urine, and J'24(5'I»3gramm« 
\h^ith ihe perspiration; ihe ratio of the solid and Attid to the 
guteous excretions i3> therefore, on an avert^e aa 1 : 0*833, Thu 
catimalc seems tolerahly hi;j^h for the persptration ; hut it appenfJ 
from Vulenliii's special investigations, that the main factor which 
faises the nmoutjt eliminated by ihe perspiration ia especially the 
ZM^par&tion of water tjjrough the skin, on which account this propor- 
tion muatbe totally different in animals. 

The e>:perinients of RawitZjt which were conduotud with £«■! 
patience and self-sacritiee, still leave much to be de*tred tu 
reference to their exactness; the mean of twenty-two observationE, 
in which he studied tbe effect of many of the most common 
articles of food, yielded on an average, fora conatimplion of ISJo'l 
grammes of mixed fcxxi, 1136'4 grammes of cgojita through the 
intestine and kidnevSj and ^^9'0 through the perspiration ; the ialk> 
given by Raxvits of the solid and fluid to the gn.seous egesta cLiSi^rs, 
therefore, very considerably from that of Valentin^ b^ng ts 
l:tr650; the ratio in his individual obsen^iitions was caitrGnicly 
fluctuatingj as was also the case with Valentin. 

^^cS 1 determined the ingesta and egesta of a strong man, id 
accordance with their elementary coiLslituenta; he obtained teaultt 
which accorded tolerably veil with those of oilier observers: it is 
however remarkable, that for UK* parts of the nitrogen which wis 



* ValmtiD> R Import- &. Jalirg: HAndwdrterbiieh der riiynalegie. Bd. I, 
6,3a7-^7Ui and. Physiol, d, Mpnathor. B-L l,8.710-7ffl), 
+ Ueber die cmftcliou fiabruugBiuJUd. Ui^rtiii, 1643, 
t Medical Tim tr^ Ltt43, p.27a 
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ttbaorWd in these ei[>eriinents (which were prolonged for twelve 
days) qnly 50"S parts p&saed ifito the urine. 

The following obaervaticik^ in reference to the escretion of 
nitrogen, wai made by myselfj* on my own person: during a 
purely anioial diet (eggs), 1 touk dally on an average .)0 3 grammes 
of nitrogen, and discliargcd 24'4 grtiramca by the urine; hence 
five-fci?sths of the ahaorbed nitrogen were agam given off through 
the kidneys, 

The best investigation of the stattsticochemicnl relations of the 
quantitative metamorphosia of matter in the nnimal orgaiiisn^t vi'hich 
Itas as yet been made:, ia due to BarL-ai,t who, however, has merely 
tftken into aoeount the flemenis of nutrition and of the excretions. 
He made Rve series of cbservations^ two on Inmself, (uhen at the 
age of tnenty-njiie years, the one in vlnter and the other iii 
summer) one upon a boy aged ai^ ycare, the fourth i^pon a man 
whose age was fifty-nine yeorfi, and the ifth ujmn a woman aged 
thirty-tvo years. The combined results of tliis inveatigauon were 
as follow*; — 

li 





DpHj nbiolDU ^uulitj in p^mnic*- 




lugnlB. 


F^ilL 


IP 


rnu 


OtJtfli 


San 






flalld 
ilkil iQtd 
cicifllialia 


Oltcr 


_ m fumiLcr 




7773 
Wl 


iBii»a 


1BB7II 

sua 

*W7 


r(8ti4 

lOSSb 

lows 


lMl-0 
1101 A 


Mil 

Ml 
»^1 



For a healthy adult man the egeat^) corresponding to 100 
grammes of ingesta {that is to say, 7^'^ grammes of food, in which 
there were IJ^'SG parts of solid matters and 55*24 parts of water, 
and 2fi'2 parts of oxygen), would be distributed in the following 
manner, namely: 34'95 grammes of water and JO"55 grammes of 
carbonic acid would he eliminated hv tlic lunga and akin, 33"95 
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gr&TTimea u urine and foeces, and 0-55 of a gramme through otiior 
channels. 

If we calculate from BarraPs experiments the distribution 
which 100 grammes of absorbed carbon undergo in ils excretion. 
after it haa fulfilled its functions in the organism, we shall find that 
(in an adult man) 91-59 grammes pass into the products of perspi- 
ration, and only 4'58 grammes into the urine, and 3'83 grammes 
into the ffeces. According to this estimate, more than nine-tenlhf 
of the carlKjn contained in tkie food arc entirely consumed and eon- 
Tcrted into carbonic acid< 

If we pursue a similar method of inquiry in reference to tlw 
mode of e:<crction of nitrogen, and follow the experiments nbich 
Barral instituted on his own person, we arrive at the following 
results: (the nitrogen in the food taken by Barral being to the 
carbon as 1 : i2'8 ;) for every 100 parts of absorbed nitrogen only 
8-33 parts were again excreted with the fceces, while 42'07 parts 
were given ofl'with the urine, and 49'6 parts through the skin and 
lungs. The relative amount of the nitrogen eliminated by the per- 
spiration is here excessively large, and entirely at variance 
with the experiments which many other investigators have made 
en animals. 

It further appears from the above table, that for every three 
parts by weight of solid and fluid food {that Is to say, such food as 
fiarral used daring tlie prosecution of his experiments, and which 
consisted on an average of 25'15|! of solid substances], about one 
parthy weight of oxygen entered into the metamorphosis of matter. 
The water which was separated through the lungs and skin 
amounted in all the cases (excepting that of the man aged fifty-nine 
years,) to somewhat more than the quantity which was discbai^ed 
by the sensible excretions. It follows, moreover, from these experi- 
ments, that an adult man oxidises on an average 280*0 grammes 
of carbon, and 186 grammes of hydrogen, in the twenty-four 
hours- 

However carefully these investigations may appear to have 
been conducted, they yet can only serve as examples of the manner 
in which the consumption of matter occurs under different rela- 
tions in the human organism ; but as very many conditions which 
exert an essential influence on vegetative life must be wholly dis- 
regarded, and as, moreover, the method of investigation does not 
exclude all doubt of the accuracy of the results even in special 
cases, these very meritorious labours can scarcely for these reasons, 
and in consequence of their isolated character, be of any great aer-. 
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vice tn science, or furnish any fiitU pcmts o1 support for more 
cxtendcil roncluflions, Xa nas naturally to be espccted, the com- 
prehensive experiment!! on imirDals, cundutted liv VnlcnUn and 
HoQssirigault, and more recently, and to a still greater extent, by 
C< Schmidt and Bidder, pusKeas far greater cerUiinty, and alford i!S 
ft dccpt^r iiiM^Kt into the combined relations of r^utrition in the 
animnl organism. 

Valentin* prosecuted very careful investigations on the ]ja]anc« 
of the metaniorplioais of matter for three days conseL*ulh-ely on h 
four-year-uld mare. The results of tliese experinieiils may be thus" 
summed up. The quantity of the dischari^cd fa^a^a exceeded in 
this c&se, by three or four-fold, the quantity of the urine that was 
excreted; half of all the excreted, matters was always carried olT 
l>y tbe perspiration^ uiid, i^oiiaequeully^ half uf Lite daily fjod uns 
again eliminated by the lungs and akin during the twenty-four 
lioufE. A larger quantity of water was discharged irith the fcccea 
than witli ilie urine, and less wflter was given tkff by the per^^pira- 
tiuii than through the urine and excrements. The quantity of 
mter which was d^ly introduced into the ayatem amounted to one- 
fourteenth of the mean weight of the body. A larger quantity of 
or^anie matter was remo\'ed vAxh the fre(»s than with the urine, 
Upvrards of twice, but considerably less than three times the 
aiitonnt of the organic elements was eliminated by the perspiration. 
The quantity of organic matter daily cortsumed amounted to from 
1 -42nd to I-ltrd of the mean weight of the body; the organic 
malters ehminated with the fjcees ranged from l-lJ!)th to l-15Uih 
of ihe weight of the body, and tho&e excreted with the urine 
firom l'2f)9th to l-209th ; nnd those throiJtrh tlic p era [li rati on on 
fin average to 1-G2iid of the weight of the body. By far the 
grenier part of tbe fixed suits was eliminated with the fwces. 
Ahciiit 3-lOth of tlie f xed salts taken up with the food are carried 
o(T by the peraptration. The sensible excretion? consisted on an 
arer^oof 84'!! J of water, 13'76^ of organic constituents, and 2*13* 
of ash ; and the perspiration contained G4'2^l of wnter^ '^^-fiJ^S nf 
organic cuuslitiicnts, and r05g of ash ; the fimd wiiich was diuty 
consumed contained on the other hand 7*"75[! of water, 23"6.1J| of 
or^nie constituentsj and r62]i of ash. The perc?entage numbers 
obtained for the food stand hetweon thojte yielded by the sensible 
excretions and the jicrspi ration. 

Doussingaullt made a similar scriea of experiments on a horse 

' Op. nit. 
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one! a cow From tliese exporiiuonla of Boassing^iult* Valentk 
has tlratrn up the follt^uing Uhle in whioh the total surn of ibfl 
watt*r, of tliF nsh, atkI tlic iridividuBl eleinerta nf orgiinic luatttrr 
t^kcn up Willi tlic food, 13 placed in juxta- position u'ilh tUe mcAii 
tiumbcm of the <iaily quantities of vatcr, ash, and organic elements 
again eliminated through the urine, fitcos^ and perspiration. 



CouAtitot-nld. 



Carbon ..„ 
JTydrogvn 

Ash 



Tdlol Biim ot 
the f»d. 



i;3W-7 

67i^ 



Fvce*. 



tJrine. 



(irajninn. 

1304 4 
J79S 

J3Sfl-» 

«74'e 



30770-0 



14S50-3 



GminmH. 
lOBfltP 

lid 
34-1 

a7-8 



PL'n|>Lra(itiiL 



13301) 



t4l*L1» 
3A6t 



i»ieo-T 



Jlencc the elements of tho 100 parts of the food cousomed Iit 
the horse are distributed in the following proportions in the 

ewrretinns ; — 



Of IMI parte of 



Wal« 

CurlHvn . . 

OiE^rgeii 

AhU 

Tho foodgenemll^ 



ThoFmoeg, 






Gl-« porcont. 
S4fl ^ 

403 ,. 
M-7 ». 

55'3 „ 



TbeUrino. 



1-9 per «^t 
S-7 « 
SS ^ 

a7M - 
10 „ 



Tho Ppfvpinklioa. 



33'3pcrccnl. 

<a-7 -, 

17-a ., 



An esperiment whidi ^vas roiitinneri for three whole days upon 
n milch cow yielded the fuIlowLng numlicr^ : 





Totjil 










CoiuLLtQeDtii. 


of Lhe fi>o<U 


Milk. 


Fosoofl' 


Urine, 


Penpirft- 

IHO. 




Gmnimnd. 


Ummnm. 


Grammefl. 


GnusDmcs. 


Grwnms 


Wain 


7tE»B5'D 


7:inB'4 


344130 


7ara-j 


5WS11 


Cathon 


48I3'4 


rSB'a 


171^0 


:^«1-t 


S^I18 


Hjdrogen 


fiW^'S 


D]>-0 


308*0 


afi'ft 


9e33 


Oxyg<*a 


40^4 -n 


SilV 


1608-0 


M3-7 


IQ&I« 


Nhroffen .... 


201 -a 


4G'0 


9a-o 


3«'5 


ffTO 


AbIi 


a9o-o 


OG-4 


4Snf> 


384-2 


10^ 


9ura 


Jt3fiO0'0 


a&3fl-o 


3B4J3'U 


asooii 


3754«« 
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For the cow, iheicfure, every 100 ports of the demcuta of 
the food are distributed iu tbe foU{>wing proportions in Lito 
cxt^reta ! — H 



Of 100 pnrU of 




The Milk. 


The Fiii>fVfl. 


The UriijP, 


The Per. 






Pet wet. 


Per cenr. 


Per cent. 


Per c^al. 


'Wftler 


Q 


I(h3 


3i4 


10-0 


4A0 


Cajbun .... 


q 


13-0 


scia 


0-4 


04-2 


lI>droKea «„ 


1 


l«« 


340 


41 


W7 


Niirc^t^Q 


22-B 


«>G 


IB-l 


i:^& 


Oxygon 


p 


7-9 


374 


ca 


4a's 


Ash 


s 


e-1 


LQ-G 


43-1 


31 


Tho food pimviaU; 


H 


LO-3 


34-4 


e^ 


464 



It will be unnecessary to consider at llie present tJme the con- 
clusions to be driiwn from these experiments, partly because they 
are self-evident from a mere inspection of the table itself, and 
partly because we shall revert to them at a future page, when 
we shall enter upon the consideration oF similar experiments. 

Valentin has also directed his attention to the distribution of 
the jriT^^ in the metamorphosis of matter, for which purpose he 
iiisiitutetl a comprehejisive series of experiments on a horse. These 
eiperimcnts yielded severi^l interesting results in regard to the 
resorption of certain mineral subBtnnces in the intestine; it was 
found that lime, phosphoric acid, and the alkuliiie sails were pre- 
sent in great abundatiee in the urine (having been absorbed during 
digestion) ; but Umt the magnesia occurred only in very small 
quantities* In the aab ofthe excrement the phosphate of magnesia 
was to the phosphate of lime iu an inverse ratio to that which 
occurred in tlie f*jod» because 60'23g of tlie magnesia, wliich had 
been absorbed, was again eLiniLEiated with the solid excrements, 
whilst only about 25 1] of tbe absorbed lime was a^o given off nitEi 
the faeces. (Hence arise tbe frequent intestinal concretions observed 
in bprbivorous animals.) 

A mare wliosc weight wus 935 lbs.» and her age four years^ 
consumed daily for nutrition and growth, and for other escretiona 
than the foices and urine, 2'025 ounces of lime, 0'V25 cf an ounce 
of magnesia, 0"74 of an ounce of silicflj 0'035 of an ounce of 
cb]orme> 0'64 of an ounce of sulphuric acid, IS'25 ounces of pboa- 
phoric acid, and O'/G of &n cmr^ce of alkalies. Thus, too, a tolcrafdy 
large proportion of the silica, which had been contained in the food, 
could not be again found in the excrements and tbe urine. Of the 
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li-37% of alb. of the sHicn which wnsttLkcii in tb? nod, 0-0464 vA 
■ lb. did ikut rc-n|>pr?ar in ifiu cjicrftions ; their Bpplic-Ation U» 
tli6 formation of tlte epiJerniia and hair seeinf, however, tJ bo.A 
proved hy the timount of silicft which was shon-n lo be prewnt^ 
in these parts hy BrunTier and Valentin 2s veil as by Gorup- 
Besnnez- M 

Buusf ingault *= umde a &eriea of cxperiuienU with a view of* 
setthn^ the quc&ticin whether nitrogen was or was riot exhaled 
through the lungs, Tiiese experiments, which were tande on turtle 
diivesfed upon nilllet, gave the following result fur the distribution, 
through the eicrenjciita and the pcrapiratiODj of the elements takeitfl 
with the food. Wg Imve ealeulated Uio mean of the resulta of two 
ubacn^utioufi, the one of which extended over five, and the other 
over seven days. 



Of 100 ittrU of 


Si 

1. 


Tv Llic FvFcea, 


renpiniti(>ii. 


Cvbcn 
JlyJrugen 


30 -.1 per cenu 

IS-: 

04-00 „ 
10-10 ., 


7D'7 peroenL 
813 ^ 
30i>4 « 
BD-el „ 



Sacctmadeaperfectlyaimilar series ofexperiments on fowls which 
had been ted on barltry, nt the sanit time that they had s»iillnHed 
chalk and sand. These animals (a cock and a hen) had incrcaartl 
]9'14 grammes in weight during the seven days of the experiment; 
this increase deperded upon tfie assimilation of 12"436 grammes 
of organic matter and '>7^^fi''a["'"cs of mineral substances ; if tliew 
are abstracted from the food, w-e find from Sace'a e:q>enme[itfl, thil 
the elements are distributed as follows in the feeces and \hc 
iwrapiration : — 



Of IDOpare«of 


SI 


To the Fkcci. > Ferapiratitin 


Nnrugeu 
Osygea 


H'& p^T cent. 
M-o „ 

42-2 « 
230 „ 


771) „ 

a7a „ 

7«ll » 
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C. SchmiJt* Ikis recently, in ctmjuntrtion with Bidder, prtisc- 
cuted nn iriquiry into the relalioiis of nutrition, anJ these iaquirics 
are distingTiUhed from all ijrevious invcsligotions of this nnturc by 
the e^aetnesa of the methods employed, the comprt-liensive deter- 
oiination of all determinfllde Amounts, and the copiousness of the 
results. Tltcsc C3<pi'nmcnts were made on cata and doga, some uf 
which were ahjiidantly, others sparingly aupplied with meat, and 
others again Itft for n prolonged time without any food- The 
nalrient matters acid the exeretioriN generidly were carefully inves- 
tigated in reference to their prosiumte eonatitueutij as tttll a'^ to 
the elements which they contained. 

We subjoiTi n table of the difitribution of the elements of nulri' 
doll in the organism of one of the cwrnivura, tlmt we may be uble 
to add the results of Schmidt's itivestigntion to the above ex|>eri- 
Rienta of other observers; the tirst acHcs of cxijcrinienta were 
made on a full grown cat, weighing 3228 grammes, which bad aa 
fnueh meat for a week fis it could eat. 



Of iLHIiflirtflof 




To tUti Fa>i:ni. 


To lLi> L'rinoi 


To Ilia Frrspiiotiuu. 


Waler 


1E9 

o 


\-2 per coat. 


B2-JI per CPiti. 


\^-it i^rcenL 


CileIioii 


it 


1-3 ., 


0^6 « 


fi]»^ „ 


Hydrogen 


& 


l-l 


Z32 „ 


7ae 


Niirvgcii 


£ 


n-2 


99-1 


07 


OiyFLU 


K 


0-3 .. 


41 


D5'3 „ 


8u1|ihiir 


El 


M-0 ,, 


6<H) „ 




SiJU -,„ 


na-o „ 


71 





A compariaon between tliU table and the previous tables, cal- 
culated from experiments on licrhivorous animnlj*T exhibits very 
considerable differences in reference to the distribution of the 
elements in the cnrnivoraand the herbmtra ; but the moat ^itriking 
feature of this experiment vnnislics when we consider that carbon 
and hydpoL^cn are for tho most part conveyed to the Uttjjr unimals 
iti an indig^^uble form^ and that to a certain extent this is also the 
case wirli the nitrogen, which is inclosed in the shape of alhii- 
minates in the Cfils forming the husks of the grain, wiiicb are 
eitrcmelj iraccciBible to the ftassage of the digestive fluids- 

We at once see that the watei- is absorbed in much smftller 
quantity from the intestine in the herbivom than in the e^rnivora; 
the diflerence here i» extremely great; in horses and cows, on &n 

• VcrdaiULOEBflaric uod StoffwocLiOl. S, 2t3-113, 
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average, only half of th« water which entered the irtUttine mu 
ftbsorhedf but in the nurivorBj a» waa shown by Schmidt's otlier 

cxpcnmcnta, the quantity aniouiiled only to iS, or at most 4f. If 
v'c clisrcgnrd the quniitities cf tlic other elements which rcm^n ia 
the inteatine^ we £i^d that in the herbivoni, a very small portion, 
from 15^ to 20jj only of the water, which is eithcT absorbed or 
firmed, ia eliminated through the kidneys, wliiUt m the herUTtna 
as much aa 4-5tha of the abaorhed water pnsse* into the unne, Ttc 
fact tbnt the absorbed carlion is ciceTetL-d in far larger quantitil^^ 
through the lungs in th« herblvora tha.n the earnivora (^^^| 
relation of the carbon in the urine being as 1 : 19 in the form^, 
and &9 1 : 9*3 in the latter) possibly depends solely upon tbe 
nature of the food, and not upon any special relations of tbc 
organism; for (he non-nit rogenoua matters become almost codq- 
plelely decomposed into carbonic acvd and watt^fj and hence they 
yield absolutely nothing, or only a very small amount to the uiin?, 
whilst the products of decomposition whioli ate produced from the 
elhuininalea yield their nitrogen to the urine, although alwari i^i 
tORibinAtion with certain quantities of nnrboii. We thus obtaiu^H 
kind of check for our calcuUtions of the urine and respiration. 1^^ 
the same manner we 5nd in reference to the hytlrogen that relatively 
much less is eliminated throiigh the kidneys in the herbivora than in 
the cart] ivora. (Tlieratioof the hydrogen excreted through the uriJi* 
IS to that eliminated through tlie lungs as 1 : 2^0 in theherbivora^ 
and OS 1 : 3'3 in the camironx.) The case diflcrs in respect to the 
nitrogen; for the hcrbivora frequently escrctc by pcrspirfltionaa 
much as 40g of the nitrogen they had absorbedj whilst the canu^ 
vora scarcely elimiUHte as much as \^* Earher invesiigationi 
have taught us that the urine of the herbivora is poorer in nitrogen 
and in uren, the substance in which it is carried off, than that o( 
the earnivorn, nhich (as Schmidt haa also ohsen'ed) is very often 
scarcely anything more than a saline solution of urea. It wool* 
therefore, almost appear as if the process of oj^idation were 
far more abundant in the herbivora than the cnrnivora, that in 
or*;ETiiBm of the former the albuminates were decomposed even, 
beyond what was necessary for the formatiom of urea; and on th^H 
account, the urine of the herbivura is entirely deticicnt in the earlit^^ 
product of the disintegration of the alhuminalea, namely, uric 
acid. 

When the metamorphosia of matter is effected in the orj 
without any compensation from without, the proportions 
elements uf the urine to thoftc of the perspiration arc 
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exactly ihe same &k in feeding with fat meats and henecj for the 
sftke tii'brevitv. we sliail omit all fuTiher details. 

If we pause for a momeiit iii our cortsidenLiion of tlia e^ct^retion 
of the elemenU, we ahall 6nd the moat decisive coii£m)atioiif in 
two interesting series of experiments by Schrnijlt^ of the proposi- 
tion first erouficed hy Liebig, thit the bile in not only resorbed la 
tlie intefillne, bjt is also cotisii(jie(],and fur the most part se|)ar;i ted 
through the lunga. Thus, for instance, v c find from the statistical 
observations made by Schmidt on two dogs, having hiUary fistuln?| 
that whether tlie aritroals had had a very abuniJaTLt or only a scanty 
flesh -diet, from lOJ to 12S of the absorbed (^rb<}n, and from 1 In to 
13(1 of the absorbed liydrogen were excreted by the bile, and that 
this loss^^'os not uniformly distributed through the excretioiis, but 
Tvas exclusively limited to the products of reapiration. Only S« 
or 3"2l of the absoHied nitrogen passes into the bile, and thia 
ia as nearly as pusslLle tlie quarjlity which is missing from the 
urine 

We regret that we are compelled to deviate from our general 
rule in respect to this comprehensive inquiry, by omitting to con- 
firm by numerical data the facts and conduftlons that have been 
advanced ; but had we done otherwise we ahould have been obLged 
to transcribe the nholc of Schmidt's observations^ as he has merely 
given the most necessary empirical results. We must, therefore, 
content ourselves with giving the most imjjortant conclusions 
deduced from his inquiries, more especially as many pointa refer- 
ring to the individual factors of the metamorphosis of matter 
would liave been introduced in the proper place, had we been 
earlier acquainted with the special details of these admimble 
labours. 

Wc learn from the experiments on cats, that for 1000 grammes' 
weight of these animals there are required in the twenty-four hours 
at least as much as 44'1 18 grammes of flesh to mainlHin the original 
bodily weLght,andthat in addition to this,18'G32 grammes of oxygen 
must be absorbed in order to apply thia nutrient matter to the 
irants of the organism ; and, consequently, that the minimum of 
food for the carniToroua animals experimented-upon averages, 
according to this ohservation about l-33rd, and the necessary 
oxygen about l*i5th of the whole weight of the body. On the 
other hand^ when the animals are kept without food, only 22*118 
grammes are lost in the course oftwenty-four hours from the whole 
weight of the body by the e\cretions (betAvcen the third and the 
ninth day)# to the metamorphosis of which 157^& grammes of 
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iDiygerk arc appLieif ; the body losc?a, therefore* tluring tbefint cigk 
dnvB nf inanilKiTi onlj' nbout l-16th p&rt ofits weigitt in thetw«Dt;r- 
four Iiouri. But when cats are supplied \^^th as much flesli m 
ihey will eflt, tliey are able ti» absorb such excessively Urge qnan' 
ttlJf s of it in llie t]ietunor|>hosia of matter, dmt the fleali the; ron- 
BUiiie amounts to 1-Olh. and the oxygen tibsorl>ed with it lo almoat 
l-iJJtli part of Ibeir bodily weight. 

When we compare tJie producis of excretion yielded daring t 
HCaiity and an abundfljit supply of llesbt ve ^nd tliat the quazilitifi 
v>f the txcrclJona stand in n direct relation lo Uie amuuiit wf HOuri>h- 
nieiil. and that, cunsequcntly, the inereasc or diminutiaiiofthefood 
exerts no iittliieiire wbaiever on the proportions between tlie Jifj^ 
ferent excrebit or on their quality ; the ratio of the absorbed osjrge^| 
lo that in the exhaled carbonic acid, is it) all cases the same, uanitlj 
as loo T 7^'^- 'I'he ratio between the expired carbonic acid an<l Ihe 
ciEpired water becomes, however, changed uheu a Jai^r ainouniof 
animal food is taken ; thus, for iiistuneej hi one caj^e it w^as foaad 
tliat on a scanty fle^li-dtet 7^'^ parts of aqueoLA vajinur uere 
expired for 100 of carl>oniG acid, while on an abundant Besh-diel 
there were only 42" 1 5 parts of water to 100 of carbonic acid; hence 
in the latter case a relatively larger quantitv of water roust be 
^reparaled by tlje kidneys, as Indeed Schmidt's deternii natrons hare 
also shown ; for the ratio of the perspired aqueous vajwur to tbc 
walercjcretcdbythe ki'lneysand ficccs is Si'i : 76-7 in tlic former. 
and IJ'Sii ! 82"lfl in the latter ease. On a scanty flesh-diet, vnAa 
Wingut the same time withheld from the animal s, the ratio of thecoT' 
bonicacid to the expired aqueous vapour became so far changed tliil 
for I'M) parts of earhonic acid 80 parts of water were exhaled by 
the sltin ftnd lunj^s, and hence hi this case there was relatively liza* 
water separated by the kidneys tijan on a scanty tlesh-diet wiiliotiT 
the deprivation of water. These prt>portioJis are \icst seen to tbe 
following comparative table which we hare calcuUtcd frviu 
tjchmidt^fl resulta* We take the fiesh that was consumed (that it 
to say, its dry re»Hidue) as the unit, and calculate the amount t>f 
solid maiters which pass away in the nnne and fieees, the pernpirefl 
carbouic aeid and aqueous \apour, but c:cclude tJie qui\ntity at 
water that has been taken and that is separated by the sulid ftud 
!3uid excretionti. t. has reference to the nLetamorpbusis of libsue 
vhen the miniiuuni qLiuntity of food uas taken, tliere being tii the 
same time free access lo water. II. ThegreattJit poaaible quauiky 
of fuod atid unimpeded access to water. HL A normal fle^h-diet 
(that is to lay, one vith \^liich the veight of the body retnahis 
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pimstant) wiihuut waler- Tlieae three esperimenl:? were made on 
the same amm^l, an aHult male cTit ueigliiiig 320fJ grammea. IV, 
has reference to n young cot nvighinj; 1170 grammes vi'hicU waa 
allowed an excess of flesh and orator nd ii&iiiiiti* 
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It IS sufficiently obvloua fraia tins res'iew tbat the elementary 
ainaly^^ia which Hesh taken a? food may he regarded ah unJer^oiiig 
in the living body, gives in the nurmol sUitc ae aecuratcly defined 
i^lues as if it underwent a mere process of fermentation or eom- 
bustion ; henci? under all cguditiims, ns the ahove t^ihle sliowsj 
1 part of dry flesh ia decomposed in the living body with the co- 
{^emtion of r67 parts of o.xygen into 0'31 of uriaary Bubstances, 
0*02 of fffical malterT and r92 of carbonic acid. The coneluaiona 
which may he hence drawn regarding the general metamorphosis 
of matter iil the animal body and especially in the caniivoia, are 
too self-evident to require notice. 

Since ihe lean IJesh which Schmidt supplied to tlie cats employed 
in these experimcntSj contained lS-56ff of aihuminates and gela- 
tigenuaa substances, A'1'i"\ of fdt, I'OO^ of inorganic matters, and 
74'70[i of water, while there are contained in the solid residue of 
the urine, on an average, ^&'&^ of urea, and l't'>§ cf salta (con- 
taining 2"3o of sulphuric acid), and in the dry soild eiierementaj 
on an aTemge 6jS of biliary residue^ we obtain tlie following com- 
parative results for lOOO grammes' weight of a c^tnivoroua animal 
[cats having been employed), if we assume that an animal con- 
Bomes 5u grammes of fresh lean flesh in twenty-four hours for 
every kilogramme's weiglit. 
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We need scarcely observe that the exce*» of water in the cicrt- 
tionsj amounting 10 6"615, corresponds to ihe water which isfonned 
by the proceaa uf Tespiratioi] { the augmentation of tLe salts b due 
to tlie nxidation of sulphur* 

While our ptet^diiig observations bave had reference to the 
metaiuorphosU of rissue in full-grown animals, ifthioh are underl- 
ing neitlicr an BugLt.EiitaUoik nor a diukinution of tbeir ThieIHv 
wd;^lit, wc now proceed lo llic dctcrminntiori of those rektiuru of . 
nutrition in wbich cither the food is not fiu&cient to maintain tli^| 
nomial weight of the orgamam and the energy of its functiuM^^ 
or when an augmentation of the weight of tlie body', growtli or 
ftitteiiing, is going ooi 

We can here include in a few words all that need be said regvd- 
ing the conditions which seem to render the nutriment itisuficieyU 
for ft given orgnnisnij since tlie consideration of thin point neces' 
sarily a^5C^ from our previous remarks, The nuLriment may be 
insufficient cither in its (Quantity or its composition* Wc bare 
already attempted^ in so far as the preaetil atate of our knowledge 
allows u*j to answer Bomewliat in deuiil tlie quesLion regarding the 
quHiitity of food that is requisite to retain the organisin in its 
norujal state.- but WC have not entered so fully into tlie (question 
regarding the quality of the food requisite to keep the bo<ty in a 
thriving condition. Although the subject has been already noticed in 
the prfOwJiiig pages, and it might be concluded a jiriari from the 
facts there laid down, that only sucli a nutriment could penii»- 
Tiently support the hitegrity of the organism, as contains all the 
essential elements of food, namely albuminates, fals^carbo-bydnln, 
and certain salts, it yet remains for us to mention the experiirenfs 
made by Doussingault, which yield a positive proof of the correct- 
ness of these views* liven in what arc now considered the older 
works on physiolt^ we find a description of the experinkcats d 
Tiedemnnn ami Gnielin, who failt^d in keeping geese alive on aa 
abundunt diet of white of egg. Tlic experiments made uiidei the 
direct observation of tlie Pans Academy on the qucMionabk 
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lintrienf, power of lirnie-gpistin nrd of gclatigencwa tU«>j(», afford u» 
sulliciciic evidejice that this nulrieut power canrotbe concentrated 
into n single dictnical compound, even if it be of a somewhat com^ 
plejc n fit are. 

Accurate quantitative detenni nations regarding the inflnenpts 
upoji the animal organism of food whU'li \n in^^ullicieitt in quality 
were first tn-^titulcd hj BouAsingault. and \rcTe specially conducted 
in reference to certain agricultural points. We have prei'ioualy 
alluded to those exjieriments of ihis chemist,* hy which he demon- 
strated the importance of salt inr the well-heing of the organisjii — - 
a fact which haa l>ccn subscqucntlv confirmed by the rcacarchcii of 
Plouvieat and Dupasquier.J The most decisive conclusions in 
reference to this subject are however afforded by the invesdgatiois 
whirhliave been carried on by Boussingnult,^ Playfair,|| Thonison^lf 
IVycn and (lapparin,** Pcraoztt and others, in reference to the 
fattening of animals with various kinds of fodder- Since we shaH 
■ubsequently revert to tlte influences which most essentially affect 
die augraentfltion of the weight (during growth or tbe process of 
fattening) we shall here merely give the leaulta (by way of illustra- 
tion) whicb Boussin^ault obtained in liis c?cpcrinicnts on cows. 
Potatoes imd beec-root alone were insufficient to nourish a cow 
[that ifl tn say. to retain it at the same bodily weight), even when 
tSeic kinds of food were supplied to the animal In very great 
excCBB. It follows from these, as well as from certain earlier inves- 
tigations, that every kind of food is insufficient, (I) if it cannot be 
taVen in such lar^e quantities that its nitrogenous matters may^ 
serve to replace tbe organic particles rendered cSete by the raeta- 
morpbosis of tissue, (2) if its digestible constituents do not contain 
sufficient carbon to supply the carbon which is lost by the respira- 
tion and other evcretion^i (3) if it does not contain sufRcient salts, 
csjiecUlly phnapliales, and, (4) consequently^ we find that a certain 
quantity of fat in the food, notwithstanding the simullencous pre- 
sence of carbo-hydralesj if not positively necessary, is yet very 
desirable in order to retain the (Jrganism in a healthy condition. 

It setnis placed almost beyond doubt, by these experiments, 

• Ann. dflCluA. etaoPliye- amefler. T. 19,pp. U7-133, 

t Bullet, do I'AcaJ do Med. T- 1*, pp. 1*77-1085. , 
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Ihai iht proportion* it* which lliesc farton of nutrition are oiwJ 
irj tlio food exert the mc^st decided induence on the welfare of thf 
orgitnifliTi, aind that the intenniKture of the different f»cton at 
nutrtlton is esseniial for the metatnorpho&is of mntter. Grvai tt 
are the fluctuatjona which nature ftllows in these prDporliunSt an 
undue prept-^ndorancc of one or other of the factors alwija kQ 
irjjutlouslv upon the due course of the process of nutrition ; oo 
Mng1e section of this process can go on without the concurrence M 
all ihc&efcictora; thus, for inatfincc, all the^c experiments teadi ui 
that the caHxi-hydratca alone arc not sufficient fi>r the formation of 
fat in the animal Ijody ; in order Ihat fat may be formwl, proleift- 
hodies as well as salts muHt eo-Dpemte in tlie metamorpho^^ ; and 
it is only Ly tJie mutual ncLinn of these substances that a fomiatioii 
of fat can possibly take place. Had the restilta of the ftlwr^ 
described eiperimeuts been duly considered, sach a scries of obser- 
vations as that instituted by Letellier,* who fed turtle-dovca on 
sugar, would hardly have been necessary, Ijelellier ^ladng derrr- 
mined the quantity of fat in doves of equal a§c, weight, &c., W 
similar nnimala for a long time vrith sugnr; the birds, scrcrol of 
which died nfter eight days, lost on an nvera^e 5"1 prsmmes, ot 
3--1S of tln-ir Ijodily weiglit daily ; when & little pure allnimen iras 
add&d to the sug^ir as food^ they died at a somewbnt later date 
having lost daily 2'3 gmmmes, or I'S.SJ of their Height, Whilf 
Ibe iitnount of fat tn the heoltliy birds before the eonin'iencemeiil 
<jf the cxpeTiments wna ?0'88 gmniinea, or 15™, the amonni aftr 
^eathj in those which had been fed on pure sugar, was only If^ 
grommca or 7'^f^l, and in the cttse of those which had aimultarip- 
ously received rJbumen (and when life was thf^refore sQnle*h.^t 
prolonged) it was onlv 1'57 grammes orB'lSn- Indeed even tSicf 
feeding theni with buflerj the birds sunk, and there was a w^nsi- 
dernhlc loss not only in their bodily weight, but even in tbeir fiU 
(The daily loss of bodily weight was 3"1!5 grammes or 2'S2^, and 
nlrogetber more than half the original quantity of fat disappeared, 
there being only yg after death.) The arimnls, therefore, smile m 
this, as in the other cases, with all the symptoms of inanition, n UWe 
the proccsG, whose moat essential requircroents were present, nrt 
only failed, but could scarcely be said to have commenced, llcrir? 
this propositionj which we previously regarded as resting on many 
inferences, may be considered to be definitely pruved by tlics^ 
experiments. 

This consideration directly leads us to the quantitntivc rebtior 

■ Ann. JeCluui. etduPlirB. T.tl,p.433. 
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of tlic nictamorphoii* of ti^?uo, when all no/id food ia u-Uhhthi, 
)i) reference lo this paint we witi first mention a scries of o1j»erva- 
tion^ made In- BoU5sins;nult, whi^'h ore olosL^ly connected \!\l\\ tltote 
of LeWllier, \ihidi we have just descriheil. BousBingaulL'-* e\peri' 
incnts vfere also made on turtle-dovesj which were kept for seven 
days witlionf any solid food ; they lost daily 4'128 of tlieir bodily 
M'eigbt, snd 3'(»LICJ {of their weight) of carbon by the respiration, 
having oxhnted dally 3'722{i when fed upon millet The green, 
hilioLis-Iooking, slimy excrements, with which only ft few detached 
white patches of uric atid were mixed, nvcmged doily, when dried, 
0'2H)n of the weight of the hotly. The eKereinents contained 3l'95o 
of carl>on, 4"35*'of hydrogen^ 24"74|; of nitrogen, 28"32 J- of oxygen, 
Bnd l6'405 of ash. A bird weighing Ifi" grammes lost, thtrefure, 
daily during its starvntion 0"1257 of a gramme of carbon, O'OI*! of 
a gramme of fiydroger, 0-Q91i of a gramme of nitrogen, and 
tH 114 of a grflTcme of oxygen. Now if we assume with Boussin- 
gaull, lliat dry blood (after the deduction of lite ash) contains 5*1 ""iS 
of carbon, V'^l: of hydrogen, 15"9;; of nitrogen, and 22"1\\ of 
oxygen, and that the amount of nitrogen exhaled by the lungs i« 
equal to half of that which is contained in the cJfcrementSj it fol- 
lows that the bird esperieneeH a <huly loss of 0-l4iin of a gramme 
of ritrtx^en. which is equivalent to 0'915 of a gramme of dry blood- 
In tliis O'lllS of a j^ramme of blood there is, however, only 0"49S 
of n gramme of carbon; and since the bird discharged 2"5.^2 
grammes of carbon daily in carbonic acid and the excrementa, it 
obviously fallows, that 2'03{ gnnnmes of t)ie consumed carlA>n 
iDUat have been yielded by fat. 

No experiments on the subject of inanition are so worthy of 
notice as those of Chossat,* whose careful observafiona were con- 
tinued for years, and embraced mammals, birds, und miiphihia. 1u 
twenty-four eases, in which Chossat caused lurUe-doi'cs to die 
from starvation, tlie f;realcEt daily loss of weir^ht was manifested 
OTi tweTity-two occasions at about the middle of the experi- 
meitt, and twice on the day in which death occurred (excluding in 
this calculation the first day in which food was withheld, as aoroc 
nutrient matter mij;ht then l>o taltcn up by the body from the con- 
tents of the intestinal t^anal). For some hours before death the 
body underwent no additional h»SH of weight. Taking the entire 
loaa of weight which the animals suffered from the commencement 
of the experiment to their death as 1, it appeared that during the 
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£at tlurd the Ion «v O'SK, during the second tfatrd it vru newlf 
VWO, uid dnHtig the last third 0*547. 

Tbe etitite lou of vciglit whicb Xhe starring anJnnal andcrgon 
prcTioukly to it* death vami ^err cooMdcnblr with tlie fpcdo; 
thus Choaut found that nbbiU (t&king the m^^n of 6re expen- 
iDcnts) died when they tad lost 37'4b of their veight ; guiMvp^ 
(fire espenroenU; when ihey had lort 33-OJ ; tunle-dorea (MeM 
expenmenta] vhen the; had lost 3^'Oi ; domcadc pigeoos [tvenU 
exp£r»nien1s} when they had lost ll'fijj ; heoa (two eTiperioieab} 
when they had lost 52'7S ; uid crows (one experiment Qnlv bein^ 
made] when ihev had lost 31-lS. Ah an aT^ragp of all the forty- 
oght cjtperiments 39 7i seems to he aboat the losa of weight wlxidi 
the body undergoes previously to death by starration. HetKein 
the higher aTiimals the or^nism loses from l'3rd to 3-5tba of iU 
weight l>efore it siiccumh* (o starvation, 

liking the arerages in Choasat's experiinents, it was found 
that the mammals, during the process of starvation, loM ^^iHHfeB 
of their w^ght, and thchitds-1'4^, the mean of all the obsen^^^H 
on boUiclaaaet being 4-3^. We find, therefore, tliat the aniaaal body 
losea daily dibout 1-34th of its mass by the nietamaqtHostt of tti 
tissues; a result which is in the most complete accordaooe with 
the result which had been already obtained by a different method 
(see p. 425], naiDely, that the daily rjuantity of properly fdeeted 
fiKxl which an animal requires must amouEit to at least l-33n! of 
its bodily wdghL 

CboHsat has ascertained and compared in pigeons ihe relati 
losses of weight %vhich each individutd organ undergoca in cases tf 
Btarvation — an investigation of the hi^^best importance in reUtxxi 
to general physiology- We must here con6ne ourselves to the tone 
enumeration of the roUovriiig results: the greatest amount ofloa 
WAS experienced by tlie fat, y3"3^ of this substance disap|>ranng 
during the process of stan^ation ; the blood suHen^d next in propor- 
tion, its loss amounting to 7^'^^ ; of the muscles there disappeared 
42"3fl; of tiie bones only IG"78 ; and of ihe nerves the least of »0, 
namely 1'9^. 1/ we comparer ^^ Cbo&aat has done, the total W 
of bodily weight with the absolute amount of loss of the indirid 
organs or liBaucs, it follows iliat the daily diminution of bodily wdg 
may be thus sub-divided : half may be referred to the muscular tis- 
sue, a quarter to the fat, and the remaning quarter to all the otbcT 
organs. Hence it is chiefly the products of decomposition of th* 
muscular tissue and of the fat which are representi^d in tiic 
eiccretioiis- 
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Two vety carefully ccuductetl series of obscrvationa on in- 
anition bfivc been made by Bidder nnd Schmidt on cata^ In one 
cane the HniiTiiil urily sumctiuiL's obtained a little water; iit tlie 
otber case water waa arlilitially injected into the stomach* Tbe 
first series of experiments was niade upon a cat weighing 2j5'i2 
grammes, which had been pre^iouxly employed in a series of 
ei|>cninents an niiirilion. Tlieanimnl died on the eighle<"nth day 
cf starvation; the loss of weight wa^ tolerably constiuit from the 
third day to the period of its death; on the whole it lost 1330*8 
grammes or iJl"7£ of its weight, the average daily loss con- 
seciueiitly being 73'9 grammes or 2-S7? ; these numl>ers, as we 
perceive, far escced those found by Chossatp During the whole 
duration of the experiment, the loss of weight was tolerably 
steady; from the firal to tlie eighth day tl eorresponded to the 
cjuajitity uf Ciirbon that, wah eNpired (O'n'ifiJ^ to 0-53J of the weight 
of the body) ; subsequently the amount of carbonic acid which 
was excreted sunk less than the bodily wci^'ht: it was only during 
the two ifist days timt the excreted carbon sunk very considerably 
as compared wiLli the loss of bodily weightf^ 

The secretion of urine at first diminished in a far more mpid 
proportion than the bodily w^eight, but afterwards, till ihe^Lcteenth 
day, the loss proceeded in each in almost the Ksme proiwrtion^ 
the urine, like the carl>anjc acid, diminished considerably duiirkg 
the two last days- The urine was richer than usual in phosphoric 
and sulphuric aeid^; the Hilurides disappeared after the first few 
dayt. The ratio between the sulphuric and phosphoric acids in 
the urine remaine<l constant during the whole period of iu^nitiuu- 

From the tenth day of inanition all the bile that was secreted 
passed into the froces. (Schmidt had enlculikted the quantity of 
bile which this animal should secrete frcm ohservaiions on cats in 
which biliary fihlulce had hceu formed ; see voh ii, p. 7B-) Tlie 
ingestion of water was found at every period of inanition tu 
increase the urinary secretion and all ita constituents, but it ditt 
not uJTect the exhalathm of carbonic acid gas; h^nce we must 
conclLide, with Schmidt, ih^ the augmentation of the urinary 
eccrclion doca not in any way depend upon a greater intensity of 
the process of inanilionj but that it is solely dependent upon the 
eircumstanec that the urinary constituents, sccuniulated in the 
blood, are more rapidly eliminated by the agency of the water. 

Since the musi^ular suhhtnnee (with the connoelivc tissue), 
when freed from fal, contains, aetjording to Schmidt's analysis, 
iOO;: of carbon, R'57;| of bydrogCEi, 15-07:3 ^f nJIrogen, ai-'l.s;; 
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of oxygen, I'OTi^ of sdphur, stuI 5-SRg of mineral &ubiUiioen, V 
may oJcolstc the amount of musculftr tissue which b dotrof^ 
dimi>£; the process ryf inanition by tliu unount of nitrogen con- 
Uined in the excreUons. Since during the whole procen of 
itkuiitioD 30'807 grammes of nitrogen are gii^cn o(T extemallr^ it 
foUoTs thet {?<X)"43 grammes of muscular substance, free from 
whter Dtid fat, must have been consumed dnring these eigtitetrn 
days. Since, furtlier, 505"96 grammes of carbon were given off 
domg the wbde process, while only 102'24 grammes of dit> 
AQl>stance were contained in the 20043 grammes of mosde, t^re 
fcnaining portion of the eicretfd carbon, amouuting to 103'?* 
gnmmAB, must arise from the oxidation of the fat. As hi 
ooDtuQS on an average 7^^132^ of carbon, 132*7^ gmmoies of 
this substance most hure been oxidised. The flnin>&l haa tLcrcfc»rt 
lost, daring the eighteen dayi' starvation, ^OQ-iS grammes 
moacle, and 132*75 grammes of fat ; but the whole loss of wei 
being, as has been already mentioned, l!^G4'tt grammes, it foil 
that, with this loss of musde and fat, there must have been 
separation of 937'^'-? grammes of water. Tfais amount of water is 
more considerable than it would have lieen if it hod been merdy 
the iraier pertaining to the loat muscular tissue which had been 
excreted; according to Schmidt, only 204'43 grnmniea of water 
pertain to that qaanlity of muscle; hence 653"5 grammes wcrt 
abstracted from the remaining organs, which, moreover, on di^ 
scctioti, EJthihited the appearance of being very jKmrin water. 

Moreover, according to Schmidt's calculation, J6'5 puts of 
carbon are, on an average, given off for every 100 parts of oxygen 
that nro absorbed during inanition. Of every 100 parts of ivaler 
that were separated^ 41'72 parts were given off in the perspinitiorf, 
and 58'28 parts by the urine and feces. With every 100 parti of 
carbonic acid, there vrere 7^'^^ grammes of water persptret^- 
Schmidt has, moreover, determined the loss of weight of thff 
muscle and fat for each individual day^ from the amount of thir 
cxtM^ions, in the same manner as we have calculated the toss 
which those tissues undergo during the whole proeess of inanitioti. 
It follows from these calculations that the [juantity of muscular sab- 
stance which undergoes decomposition sinks very considerably in 
the first two days (almost jO^), then to the ninth day it remaiiu 
nearly stslionary, from the ninth to the sixteenth day it agnin sinks 
very slightly, but on the two la^it ilays mpidly and very considexaHy- 
Uu the other band, the quantity of the fttt which is daily oxidised 
remains nearly the same from the beginning of the inanition to its 
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' terniinntlnn. On an avemge ttie loss of musde whidi an animal 
experienced in 24 hours was O-Gllg of its weight at the time, 
while the correspondini^ loea of fat was 0'422g; and they yielded 
ff'ieg of carljcnic acid, l'6J of (pepspii'ed) aqueous Tapour, 0"20g 
of urea, 0-008g of sulplmric acid, O'Ong oC phosphoric acid, 
0"0'29J of inorganic urinary constituents, 0'080^^ of dry faeces (in 
which WHS 0"02;| of biliary residue), and 2**24J of fluid water 
separated with the urine and fteces. 

In the sijcond aeries of pxpentnents Schmidt employed an 
»dult cat, i^-eigliing 3047'^ grammes^ into whose stomach 150 
grammes of water were daily injected from the commencement of 
the process of inanition. The observation* were only eontmued 

' for one week, during which time the animal fmd lost 438'0 
grammes in weight, and therefore C!J"57 grammes daily. Tfie 
daily excretion of nitrogen was O'S/B, and that of carbon 4"74t> 
for 1000 parts (by weight) of the animal; eoneequently, for 100 
parts of the bodily .substance 03835 oFa part of mii9c)ejand0'3^13 
of fat were diai integrated, and together with l'4G70 part^ of water 
were daily removed from the animal through the agency of 1"5749 
parts of oxygen, Tl: is obvious, from these numerical resnltSj that 
the metamorphoMs wtildi occurs during inaTiiiiun is considerably 
diminished by the abundant use of water ; that is to say, that the 
bodvt during the process of starvationj esperiencea far less loss 
in albjmiimtea anil fat when water ia freely allowed, than when 
(as was in part tlie case in the first set of ex|jericneiita), there is a 
deprivation of this fluid. 

Like ChosHatj Bidder and Schmidt have attempted to determine 
the amount of loss of each indii'JtJual or^n during inanition. The 
bixiy of the ar»imal, which was employed in the 6rat series of 
e^perimcntSi wa^ used fbr this determination of the difierent 
weights. It appeared that, during the eighteen days' inanition, 
the blood expericnfed the greatest loss, namely^ 93"7g of iLif 
annual weight; next in order to the blood was the pancreas, 
nhich lost fl5'4^ i the loss of the ndiposc tissue witli the mesentery 
was 80"7X ; that of the musdes and tendons, 6G"9u ; that of the 
brain and spinal eord.37'6; and of the bones, 14'3§: the loss 
eicpcrienced by the kidneys was the least, being only 6"2^- It is 
Apparent from these determinations that the loss of weight in the 
body is mainly owing to the destruction of the muscular tissue, 
the bloody and the fat. 

Wc niuflt here mention certain experiments of J- Seherer's,* 

• Verhuidl. d. pliji^-uicd. Oce. e. Wumbarg, Dd. a, S, ia7-l»0. 

2 r 2 



4U 



vmrnoN, 



» 



W 



vhS^ Aboi^ thcT ao\j hare rtJmnce lo Ute ufinary excretion^ 
«rv of especial interat) fta having been instituted iti the huuun 
urtjift He found th^ &n adult man, fuT every kilognimm/i 
mi^ht ci ktt body, diaclkarged in ttrenty-four liour^ 295 gnouiuea 
«f OTnCtnn wiuch there were contAined 2S'4 grammes of water* 
OtZO ol « gcwnme of urra, 0*335 of a granune of laltSr and 
OSiS of • pwvkme of extnctivc matten ; while an insane patkot 
(a man aged 50 years)) who had resolved on atarving himKlf to 
iVnth, ^adkai^^ed, in a aimilar time, uid for the same amoo^t of 
wcigtittOttly 11*07 KTVQDi^ <jf ui^^s in which vcre 0'17f> of ^ 
gnskBieolinrea,0-167of a gramme of salu, luid 01 9S of agmnnkB 
ot eJitiBctiTe mftttcr^ Hrnce the amount: of urine ilk tJie ^tarvin^ 
aann Manda to that in the man Uving on an ordinary diet in tiie 
nbo of I : 2-6, while the solid conatituents are aa I : 2-4, the una 
aa I : TZ, the salts as 1 : S, and th« e&tmctive matters a« 1 : 1^7^ It 
IB a Tcrj Uiikin^ &ct in these experiments^ that at the very titar 
when no nntfient matter is supplied to the or^aniam, and when 
there w no excess of combuitihlc matenfda for the proceta of 
4tt>dadjon, relatively more extractive matters were excreted than bj 
the man living on his uniiti&rj diet. 

We now pass to the consideration of those relationi 
nnthlion whkh are Bccom]ianiod by an tTtcrcanff 0/ hotiily 
7%ii increase may possibly depend upon the typical augmentBtiun 
of tlbc individual organs within the hmits of the highest develop- 
mcnt to whicU the organism con attain — conaequently, vpoo 
growth* Although all the organs do not progress uniformly in 
this typical development, they yet simultanroosly participate tui 
greater or less extent in this general increase uiid erc)lution,-~t[rc 
increase of one or other or^n preponderating at the ditfcrcnt 
periods of life. These are well-known facts, derived from anatomy 
and generaJ physiology; hut they draw our attention to the diffi- 
culties which oppose our endeavours to delermine Uic metamor* 
phosis of matter and the conditions of nutrition at thb period <' 
life. 

An increase of bodily weight ia, however^ quite possible after 
the termination uf growth ; and daily experience shows us that lltif 
augmentation manifests itself more especially in two directiooj, 
namely, by a true h)fptrtn>jthy of the most vitally active orgaiu, 
as. for iiLstancc, the muscles, or by a more abundant deposition of 
adipose tissue tn the panuiculus adipusua of the skin, in tiic 
mesentery^ ^. ; but although this increase may be regnrded ss s 
normal condition of the human orgimism at a certain period ^ 
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life, it very frequently, howcrer, assumes an ibnormnl or potho- 
Iv^oal character at this age, A aimilar remark refers equally to 
tlie fattening of agrit'ulturHl Ktorki — a pnx^esK wliicli ctmslsta 
essentially in an aiignientatioji of tlie fat in llie orgatiisra, and 
very often assumes a course very different from that of normal 
nutrition; for we cannot regard the development of a fatly lii/er 
in geese, or tl»e frequently ol**erveJ partial ilisappearuncc of the 
nitrogenous eonatltucnts of organs, aa, for instance, the musclca, 
in certain modes of fattening, aa normal processes. Unfortunately, 
however, we are not entirely in possession of the conditions neces- 
sary to ^ive any one special r^irection to the procesB of nutrition, 
by which we might be enabled to determine the relations already 
indicated, The diAiculties which the unequal development of 
heterogeneous organs oppose to the determination of the metamor- 
phosis of matter during the period of growth^ depend upon the 
circumstance that we are not able to make uutriticin assume any 
special form, either by means of food or any other external 
relations. The ingenious combinations of Liebig have soffieiently 
shown us the cojiditiona under which, indejx^ndently of proper 
fot*d, a more abundant de|>oeition of fat may be formed in the 
ftniuial organism; and many of the investigations prosecuted by 
Bou&singault and hia pupils have confirmed this by the most 
striking proofs. Daily experience has furtlier lAugbt us that 
increased exercise of the organ givca rise to an increase of volume 
and weight exceeding the normal growth, whilst the deposition of 
fat is ct all events very greatly favoured by the opposite relutions, 
But altliuugh we have actually arrived at many general and dear 
ideas of these relations by nicons of hdiorious investigations and 
in^enioLis deductions, we cannot boast of being in possession of 
clear ideas ba^ed upon thoroughly exact inquiries. In accordance 
with the cihject of the present work, we abstain from all diffuse 
disquisitions and involved deductions, and hmit ourselves to the 
bets yielded by exact inquiry, 

Boussingault* hns instituted some experiments on pigs, with a 
riew uf ascertaining the development of the aast'uus syaittii^ and 
with s|X^ial reference to the mineral constituents- 

I, A newly bofn pig weighed 650 grammesj its dried skeleton 
48'SS grammes; the ash 20'73 grammes. 

IL A pig aged 9 months weighed 60055"0 grammes; it« dried 
skeleton 290l'0 grammes \ the ash 1310'G grammes. 

' AaadeCbitn. flLdQphyfi. Sme &^r. T. ia,p. 4aA-l». 
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III. A |>ig Hg^ 111 rnuntlu vctghf^t fi/^'f'H) ietwiidps; itv 
dried skclcl^Mi 3-lor'O grtmitk^; t^c nsh IGSfi'O erauioicA. 

The «ch of these three ske1eU>ns, vrlieii borncd perfectly wtite, 
eoDtaincd : — 
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AceordJjig to this result^ the pig aged S months, which ««' 
kept on ordinary foud, g^ned on sn nverage daily ] I'/ gmnniN 
in the ireight of the uaseous syatem, 5'S grammes of uli, 
2"4 E^mnKTs of phcisplioric mciJ, and 2-8 gmmmcs of lime. The 
other pig, which Itred 9i days longer, and was fed on potAtoe^ 
only during tJiat time« gaiTied daily € grdrnmes m the weii^ttt of 
the dry skeleton, 2'6 grammes of ash, about 1'4 granmm oi 
phosphoric acid, ar^d about \-G grammes of lime. ^B 

in the 5-14 kilogrammes of jiotitoea uhtcb the pig eon^orae^^ 
during the last period of 93 days, there were 5440 grammes of 
mineral subatances, including 615 grammes of phosphoric jvid 
and as grammea of ILme^ whilst its skeleton had taken up during 
the fune period of time V2& grammes of phosphoric acid adiI 
150 grammes of Ume- Consequently, 52 grammes more of licn€ 
were taken up them were contained in the potato ash. Eesiilri 
thiB, there were 216 gmmmes of lime discharged with the escfc- 
menta; consequently, 1 70 grammes of lime must have been sup- 
plied IQ the aiiimal from some cithtr source. Boussingault shows 
that this lime must be derived from the water in which the 
potatoes had heen boded. 

We are entirely deficient in investigations instituted in a , 
siniilar manner in relation to the derelopmeut of other tissues or 
organSi when compared with the amount of food. But it would 
scarcely be out of place were we, before we enter upon the con- 
sideration of the increase in muscle and fat, to notice the esperi- 
ments of Prevost and Morin, which connect themselves with tlie 
observations made by Baudrimont and St> Ange (see p, 369) oo 
the respiration of the incubated egg. The results of these labours 
may be thus «et down ; — 



lOO parts of the contents of the riti'tuf^ufiaffri egg consist of — 

Un^ parU of fht 

lfl'&3 J, DUkttQro free from bt, uainel^ O'lQ in th« otbamcDi and 
B3 in tin." >olk- 

After ffCTwn rfnys' tnc^d/aon lOO parta of the inner portion of 
the egg contained — 

9-^2 porLs of etht^r-eJitrocL 
131)4 ^ dry matter, &»AfimrAt, of wliieh S-W vere cilbiiiiien. 

Hie nlbainen ftself contained 34'9 pei cent, of drj nMterj free from (ht, 

The ihick foll( „ IffS „ „ » 

-The liquid yolk „ 4'i „ » „ 

TLc meEibmuta p 2"0 „ „ „ 

TLe PTubryo .> 7-V „ « 

The liquor amnil „ VB „ up 

Consequently, during this periodf the fat and the solid sub- 
stAHcea generaUy have diminished, while llie water has been. 
relatively augmented. 

After foarteeit days' incubaiiort the inner membrGnc of the 
ahell, the interior parts of the emhryo, and, in one caae, also the 
liquor amnii, exhihited an acid reaction, 100 parts of the inner 
portion of the egg contained — 

9-iti pftrta of ether- extract. ^ 

ltt'09 J, dry mutter, free from fat, in wbictk there were TTlwirt^ of albamen. 

100 porU of fllbameu coaiaiaod a'3 porta of dry nutter, fre« from fati 
, the yolk 19-3 t, „ 

„ mcmbmave Q'\ „ „ 

„ embryo J'S « ^ 

V Hiiiior amnii l'4 „ j, 

After tteenty-aw day^ ineubalion — 

lOO ^axu of the ioterior of tlie o^roDliLiiied 5€Q porU of fut. 

P „ L&-44 porta of dty matii?r^frco ifttta fat, of 

which uD<>Bixlh cooaislcd of yoUt, 
^L onc-iixtli of yalk-meujbnui«, oad 

^r two-Lhirds of tLo j^mbryo. 

„ « 73-00 partfi of water, 

tM pwis ftf thp yfllk cflTitnined ?Sin iwtB of dry subsiaiice. 
,, mctnhmno 20'0 „ ,, 

^ nnbrya UC „ „ 
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TJic weitiht tif the tgg-theU remniufd txUiumt cottioMiltf iMe 
Th^/at in Me cf/r/ i» of Ah uniform yellow <?ol(>ur >M>fare iiHTibftii 
mithougb ir undergnrs vnriuuB ultfrrutiuii^ during the flcveJo) 
of tli« embryo. On the ^cv^ntll <iaj^ a yellow oil was cxifc^td 
fthcr from the tliick yoth, wliile tho fluid yolk yielded bnt 
V^llovr and Gubaequc-iitly & troluiirWs t^U Tli« in^tiibrarw* 
lilt* iklbiimeci yieUTpil a transpiirenr, whire niI,theli<|iioraniMii&ihi 
while talf andtlje cmhrro u white f^t Like lard. Oft ibe fotirlcc 
day the oil of the yoik heramc yeliuw and thick; the sanw; 
the case with the oil of the membranes ; Ihat of the albumen 
nilautWs nnd tliiek ; tliat of the emhryo retidi^^h nnd sulid. On thf 
I we uty- first day the fat of the yolk hecatre thick aitd of 
yellow colour, and that of the mcmhranc?^ d&rk yellow and 
solid ; ether eximcied from tiie embryo n fat whieb at first waa 
aiid yelJuWp but at n later fttiige was whiti' aiui soft- 

We will now simply aubjoin tbe rcaulta of the luA-dlcfrr- 
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According to Baudrimont and St. Ange, th? absorbed ox}^d 
is to the OTtygen exhaled m the carbonic acid as 100 ; 54 d during 
the period cf the development of the hen's egg from the 9lhto 
the I2th day, and aa 100 i 8I'U from the 16lh to the I9tb dayj— » 
fact which is entirely in accordance with the circumstance thai it la 
in theluj^t third fieriod of incubation that the greatest guantity of ll»c 
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fat of tlie ^g is eonsiimpd, Tlie remaining rsHiilts are readily 
obtained from the above numerical data. 

SchmiJt and Bidder Imve inatituted a very admirable observa- 
tion on a nearly full-grown cat, in reference to the assimilation of 
muacle anil fat. This animal gained 3.^7 grammes in weight in 
the ourse of eight days, when fed on flesh (xmtainirig fat; t]»e 
question therefore arose, whether the muscular substance only, 
or the fat, or both together, had contributed to thU increase of 
i^^eighl. The animal liad eunsurned during tliii experiment 
I9<>6'7 grammes of flesh, wilh 27'l grflmnies of fatty tissue^ and 
had eliminated 62\^G ^^mmes of nitrogen. Now, $incc. aceordirt^ 
to Schmidt's analysis, tlie flesh consist* of 70"26^ of water. 5"71ii 
of fill, 22'ft.lJ of muscular sul)?*t3fcrire, and \-2^ (jf niinend ntaUers, 
(the muscular substance, when free from water and salts, contain- 
ing ii3t*i;- of carbon a»)d IfJMliJ of nitrogen}^ we niay easily 
perceive that these 63'3G grammes of nitrogen must have been 
derived from the deeum position of 3S7'OD grammes of muscular 
Quhstanee, or of 1695"5 grammes of fleah. Aa 18C6'7 grammes of 
flesh were consumed, the difference between the two quantities 
gives us 17I'- grnmmes as ttie quantity of fleisli rptained in the 
body. jVs, liowcver, the increased weight of tlie body amo^mt^ to 
S37 grammes, the qoestion arises, how far the remaining portion 
of the assimilated materials (i55"b grammes) is derived from 
sssimilalcd fat or from the water retained in tlie body. These 
387'Oy grammes of deromposed dry muscular subalanee contain 
ffOj'iJO grammes of cjirbon ; but in addition to this nitrogen 
(G2'3fi gramraes), l9i*(J^ grammes of carbon were ehminstedj and 
consequently IS'Il grammes remained in the iiody. SirK*, there- 
fore, the muscular substance is more tlian suflicicnt to compensate 
for the carbon which has been excreted during the metamorphnsia 
of matter, it is not conceivable that the fats, together nith 
the muscular SLthpstsnce, can have participated largely in 
the ojLidation ; from lienec Schmidt furtlier concluded, and no 
doubt corpcccly, that the urea produced bv (he decomposition of 
the muscular substance must be separated through the kidneys 
before the reinjuiiing carbon and hydrogen of the muscular sub- 
stance are exhaled in a state of oxidiition tliruugb the lungs 
fcfid akin. A.5 only 1'98 grammes of fut are eliminated with 
the freees in the form of saponified hme and magneaiftj and as, 
according to Schmidt's analysis of tlie fatty tissue, 129" 25 grammes 
of fat are taken op within the eight days, 12r"27 grammes of fat 
mrc asaimilated and remain in the bodv, in addition to the above 
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tXl^giWBVB of Aetb Hkd Ifaa 138*4 punmea of vmicr. Aba 
the Mit^ectwa of tloi alcobtieA to tiw oocrectiattft rcqnind v 

of Uk« volpfavr Scbmidt rvckooed ihU 4irlG gntrnmes of iemi^ 
rohr subiUace and nrancctirB tiMniv 145'4fl giwiunea of ^ 
l-TdgnoHna of ttlts with snlphWiftBd 134- 15 grunmeB of vHcr. 
wen •HOBiilated tn ngtit daya b^ thb anim&l, wei^hu^ SIJ7 
gnimBT^*. ftnd that in the case refeifed to the cat, for crety l;il» 
^Tvmnc tbilj aukaikted 18'^6 gnunmea of loiucaiar aubsUnce 
aiul&t. 

Uower«r iiidJifWitible ruch ctJtidttiiom and tfa« calcwlatwni 
baaed upon than may be Cor tha pupoae of obUkining a diqicr 
imi^l into the n>ctaiiiaTpfa<m dmrnX mattcTr ire on^t not to 
dl^we ti>e faetf that tbey onlr lead us lo a very aligbt d^mof 
i tlaUn. Ctffftainty. IndependenUy of t>i« drcumstance that stighi 
dcTutiona in llhe ubserration ohat lead to very diflfcrcnt resalta, 
or jostifT Terr difTcnt>t ccDclaidoaai «re naust be conscious tliat in 
oar iD&biUlT to deternkinc al) th«>c coowa with pxairtneaa, oc to 
n-pft««nt tbera in an ariUimetical form, we tctt often etoploy foi 
our etiuationi certain postulntes, several of which raay in ifct 
eKiiting orrunkstAncea be cqu&lly probable, althongh tbey csMft- 
ti&ily modify our calculations. W« tnoat therefore here b< 
«9i]tiou« in dealiiifi; vith illusire e<^uationi, u-Mch, although p«r- 
fertlj correct in an ahtLmctical point of vicvr, may lead m into 
the most flagrant eiron. 

By fading cats alternately with fiesh and pare fat, Schmidl 
hu moreover given pnobahility to the vieT^ tliat tlie alhunuaata 
are always more readily decom|)osed in the body tfaui the 1M^ 
and tliat a diet consisting e^cluaivety of fot (or of an insi 
amount of albuminates with an abundance vi &t) Ctttues th« 
genous matters of the body to be su1>je<:ted to metamorphi 
whilst the fata, which are taken up nre, on the txMiti&ry, at lirW 
either entirely or for the most part deposited in tJic body, bcinf 
OKidised at a later period, and probably only by degrees. 

It is from thi« and a previously indicated point of Tiew, ih>f 
we must consider the results of those numerous expeninenti 
wliich have been instituted in reference to relations of nutritiaD 
during the fattening of animala generally, or of cows with a i?iev 
of obtaining a more abundant supply of milk- Tn associatioit vitb 
Sehmtdt^A experiment, we have to notice an observi^tion made by 
PeraoK,* who fattened gtcsc on maize; tbe blood of the gccx 

• Cotnpt. rend- T, l«, |fp. 346-S&I. 
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which had heen thus fed wqs very rich in fal, but poor m albumi- 
nates; the quitnttty of the mii^ccdar substance tliminislied per- 
ceptibly, and whcro the fattening had been rapid the geese 
exhibited an absolute loss of bodily weight* 

We dn not here enter more fully into the individual series of 
experinienU which have been inniitut^ dti ammala tn eonnexioii 
with the process of feeding stock or of augmenting the quantity of 
milk ; they were for the most part instituted solely in reference to 
what was formerly regarded as a very doubtful question (see 
pp, 211-216), whether foud deficient in fat sulliced for the feeding or 
fettening of animala, and whether fat could be produced in the 
anim&l organism from the amylacca. They are consequently only 
of inlerosl to ua in relation to the latter point. Although Liebig 
»it an early period demonstrated, partly by exact e\permient.s, and 
partly by the moat ingenious application of various facts which 
bore U|)On the point, that fat %s formed in the animal body from 
carbo-hydrates^ this proposition was vet for a long time denied by 
Dumas and Boussingaultj and numerous experiments were made^ 
Bome of which appeared to favour and others to oppose Liebig'a 
view. Aa, howc>'er, we have alrcndy discussed this subject some- 
what in detail (in vol. i-, p. 254)^ we need here only mention two 
series of ciperimenls, by which the correctness of Liebig*H opinion 
was placed licyond ail further question, Dumas,*' in conjutiction 
with Milne Edwards, repeated Gtmdclach's experiment of Jeeding 
bee* with horey freed from wa!^ (at all events the honey em- 
ployed as their fooLl only rontHined one-teu' thousandth part of 
wax). Of four swarms which were employed in the e:spcrimcntj 
only a single one begaa to secrete wax and tf> build with it. TTie 
nurueriral results of this investigation may be most easily seen in 
the following manner:' — 

Fal wliinh wiu faiLod lu tLo body cf each b«c at thf bu- 

gianing uf the pxp^rimcHl ..„ .... .... OOlOofogrBmine. 

IVaz whicJt, an an awragf. oiuli bee coitsuini^d witli (ho 

lifiti^ during tlie whole of tho escpcrLuieDC, did not 

cxEwd .... .,.. .... .... .... o-woa „ 

The « hole amount of fatty toalter whose o^gia ml^'ht 

pcesihiy he derived frcim ihe food, averaged for each 

beefttoiDet ... ... .... .... 00033 „ 

During ih^ vhok Ivngth ot the experineat (he wax 

Becr«led by eocli bve nveraged ...- .... . , OO&I ., 

At Ibfi terminal ion nf iho GEpcrimeut (be waj or ordinary 

£tt in tJie botij of each bee averaged .... .... 0*0013 ■■ 

* Jmini. do riiorm. et da Chlm. 3 9^. X 0» p. 33S-344. 
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P^mHj, B«MDMng&u1l* (mitcl by FX}>cricnetit!i on p'^pt ibn (id 
tokc ma eranple) <igbv-nu>tith»' pigs contained fnr more fit diM 
bad exisi^ in U»eir lDod» l>ul thftt w^ei> Tliey wer« rc<j soWlran 
poCklix« thm wv no more fat ncm mulcted in them in the conne 
ofui months than corrc&jKtndcd tu the naiuunt of fut contAiMd 
in thm potfttoca which th«ir coriitiime4; &nd that auoh kiitdi oi 
food M potetocSf vkidi coukL not uf ihemGclvos be appWl to i)>« 
IbraMtJon of hA «ithtn the body, acquired this property bj « 
idigbt addition uf ^ or of alhumiiuus matlcrS' 

In our prvTiotts notice of the quantiutire metamorphosii of 
v« h«T< nut done incJTC than dra\r tiie balance between ^f 
and tbi" pgr*u which we have observed in the liring 
firs^atiLsm under various jdiysrulogical contlitions. It \tu 
been ubjeetcd M^n»t thts metltod, that it oflordn uh no It^I 
whatever ia fefcrenc<» to the interchange of the organic elemeJiU 
wiUun the bodr in the process of nntntion ; htit in diaper tdcntly of 
the &Ct that ihis is Uie unlr path we are Me tu pursue in wArx 
to obtun a general viev, it has also led u>i to a tkumber of facts 
which erwble us to pim an insight into the intermediate stages of 
moleealar iDockiRs in the bodf. It cannot> however, ]ie denied 
tlwt. aotwithstanding manv of the conclusions yiehled b)- lhi« 
method, we are still so ignorant of the intcnnediate ntctamorphoM 
qf matltr, that we can only adduce iJje facU known in reference 
to this subject, as mere appendages to our previoirs remtirkt. 
While we have endcarouTcd throu^-hout the \\'hole course of iliis 
work to notice all the important relntinna tif each substance— 
vubsiratum, fliiid, and tissue — in reference to the nietDmorphusis uf 
mailer, we have aiways directed our fullest attention to tins sub- 
jecf, wliidi we regard as the crowning point of pliyaiologiol 
cltcmistnr, and the advance made m science during the last fe* 
years has indeed yielded tlte most extraordinary results in thii 
re^iieet. Not^vitlistanding manv obvious deficieners und numeroiu 
impeffections* we see revealed before our eves the image of a life 
neb in intcrnid reianons and external forms^ and aLke inexn 
hauslible in the mulUplicity of its phenomens and the inccnti^ 
to future investigations. But sUll it is only a mere picture/tu 
which many results of vegetative life are undoubtedly represented 
in too ideal a form ; for wliilst all phenomena arc only parts of * 
motion regulated by definite laws, many portions of this tketeh 
are drawn in false perspective. To find the correct perspeetite, 
we require to make a certain number of direct measure menta^ 
* Comp4. rend, T. 30, p.lj^fl. 
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V INTERMED[ATE METAMOIEPIIOSIS OF MATTER. 

I since it will Ijc impossible properly to introduce the difTerent 

I diatariccB in the picture until the quantitative ralatious hove been 

eatablislied aud the points of sigbl mathematically determined- 

kTlic present would seem a filling place, in which to emhrBce the 
entire aietamorphoais of matter in one grand comprehensive 
picture, which, beini; sketehed iw accordance with mathematical 
rules, may represent all the individual pu'ts in their natural and 
real connection with one another. But unfortiiMfitely in physio^ 
logical checniatry wc are aadly deficient in lliese mathematical 
rales, by which alone we can ascertain the corrt'ct perspective of 
the individual parts of tliis picture of vegetative life^ 

There are very different methods by wliicli we may obtain these 
geometrical points of si^^lit ; thus, for instance, in my investigations 
regarding the function oF the liver and tiic formation of bile, I 
have adopted those points of sight which refer to the quantitative 
relatians of the juices flowing to and from the liver; the results of 
these experiments, which certainly exceeded the very limited espec- 
Utiora 1 had formed of them, induced me in the ca?e of other 
OTgtius also to compare the ingesta with the egesta, and indeed far 
mure importiintijuantitative faclB have already been obtained than 
one could have anticipated from tlic difficulty of procuring theae 
egesta and ingesta in sufficient quantity, or in a condition adapted 
for examinaiioiij and from the very great deficiency of the means 
necessary for analysis. We have the more readilv abstaifjed from 
giving (be fragmentary results of these yet unfinished labours, as 
they have already appeared in another place* with all the nccea- 
sary details, and ivould seenn to be belter adapted to some of the 
earlier sections of this work. 

C, Schmidt* hascndeavouredtodetermine the in termed iatemeta- 
niorphosis of tissue in another way, nau^ely by a net- work of mathe- 
matical lines ; he simultaneouslv compared the coiistirution of the 
■liferent (ransudations and of the biood, and attempted to eTstabhsli 
the quantitative relations between the two, and to determine the 
tawsvhich influence the elimination of matters from the blood 
through certiiin tissues into definite organs. We have incorporated 
the most e-iscutial conclusions of this work in our ^eecmd volume; 
but notwithstanding many lirilliant facts nnd concLusJuna, it aoon 
hec&me apparent that this method of investigation also faHed in 
affording us correct answers to many questions. 

In association with Bidder f Schmidt has tried a third method, 

* Bor, der k- «JicEta, Gts. d. Wbh. zn Lpijisig. IBEtS- 
t Clunk Uirlitik der Clittleri li- e. w. 
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hy which prolmbly the grentest BdvBncc--! have he^n m*^ ; h nm- 
fwU in tbc attempt to cktennine the amount of thai motion wliich 
impeh a verv (\jiisH]erahlc friLCtloTi of the animal juices tcrvuvli 
the inteAtmol canal- From the Btateiiienta wiiich hiiTC been pr^ 
viounWrnftde rcgu'ding the quantitative relations of the digotive 
fluid*! it appeare, that according to Bidder aikd Schmidt's iriT«ab- 
galions and calculation tt^ an adnlc man weighing ahout 64 hilo- 
grammes [or 10 stoiic^ sccreto m tveiit^four hours altout 1600 
grammes of aaliva, in which are 15 grammes of solid mattery IGUtl 
grammes of bile ccntaining riSO grammea of solid mattery ^UJ 
grammei of gaatrie juice n'itli 192 granimes of ^olid matters, 91X1 
grammes of pancreatic fluid with 20 grammea of holid constituent*, 
and 2fX)gTBinrac9of iritcstinal juice with 3 grammes of noD-votatiio 
matters; consequently thorenrein twenty-four hours ICKKX) grsmmw 
of juii^ps, cuntaiuiii*; 9fii>0 gmmmes of water and 310 of solid *ab- 
ataiLceSj which pass froitL the blood into ttie intestinal canal, hxna 
which they are acpiin for the most part rcsorbcd- Since the body 
of a man weighing 61 kilugrammcs contains about 20 kiJogramme* 
[or 44 lbs.] of soHd maLlers, and 44 kilogrammes [nearly 9J Ihs.] 
of water, it follows that from l-5Lh to Hlh of the latter would tie 
brought into the intestinal canal in the course of twerjty-fourhoafBT 
bat only from l-Juth to l-fioch of the former. The coincidence 
between tlie amourkt of solid constituent; hi this collective sum of 
the digestive fluids and m the lymph (according to MarcOiand''9 
detcrminatit)n), namely 3"1K* ifi a point of much interest. Since 
■pcry careful analyses of the digestive fluidsj as well as dctenniaa- 
tians of their amounts, were inRlituted by Schmidt^ it is easy to bm 
that we may obtain the most decisive conclusions fmni tfie« 
numcrically-establiahed points, regarding the relative ainoutit t«f 
this metamorphosis of matter within the body, as well in reference 
to the individual organic matters as to the elements in general. We 
may notice, as e5[)ecially important in this point of view, the rela- 
tions which have been eslablishcd by these invert ligations lietween 
the biliary secretion and the respirncion, and between the former 
and the urinary secretion. Tlms^ for instance, a dog for each kilo- 
gramme's weight conaumca in twenty-four houraS'figrammes of MT- 
bon, while in the same time it excretes 1 gramme of biliary matter; 
0'5 of & gramme of carbon of this biliary matter returns from the 
intestine into the blood hence it folIowSj that from 5^ to 6Jof 
the expired citrbun has to go through the stugeof bile- formation, 
This proportion ra not cascnually affected during a flesh-diet; bt 
is altered by the use of highly amylaceous food, when the amount 
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of respirpri carhon considerably pxreeda the quantity pausing 
through the bile. When the mineral constituents of the food are 
much increased, the biliary secretion is relatively more incrcesed 
than the respiration ; but during starvation the former is more 
ditninished than the latter. Of every 100 grammes of iiitrogeii 
which are separated by the kidneys, at most not more than 3 
grammes pass througli the bile (as taurine and glycine), whi)e of 
lOO parts of Rulphur from 54 to S6 parts take that course ; under 
no conditions, however, doea the whole of the sulphur pass tli rough 
the stage of bile. In herbivorous animals scarcely 2-3rd5 of the 
glycine separated with the urine in the hippuric acid are contained 
in the glyco-cholic acid. During starvation we may put do:vn the 
average typical relation as follows : for every 100 parts of expired 
c&rbon there arc given off 15'4 parts of carl>on, urider the form of 
urea, by the kidneys. While in fasting antnmls (the calculations 
being made for equal bodily weight) the anme daily qunntities of 
CBTlwnic acid and urea were sccretedj the biliary secretion sunk to 
sueh an extent that on the tenth day of inanition only 3-£ths of the 
quantity of bile were obtained, uhieh was secreted on the third 
day. 

There arc other interesting points of view which present thcra- 
flclvcs when we contrast) in relation to quantity] the elements of the 
intermediate metamorphoses of matter and those of t^e final excre- 
tioMH nitli the correapcmding elements of the organism or of the 
blood; as For instance, when we compare tJic quantities of the 
oirbon separated by the bile or by the saliva, with that which ia 
separated by the kidneys or lungs, and reduce the numbers of both 
to 100 parts of the carlion contained in tlie jr^unism or in tlie 
blood> As a standard of comparison Bidder and Schmidt employed 
results whtch they had obtained from a cat^ and which, as they 
stand at present isolated to science, we must on no account omit. 
They found that each kilogramme's weight of the animal (which was 
n young cat weighing 1505 gTammes) contained — 
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Heiit^e in lUO parts of thii animal [here were cuntatncd 32"1.^3 
of solid niatfrialit^ Sihmidteraijluys these determiiiaiiona in onkr 
li> <Tilcnlate Ibe amount of the diflcrent elements, of the waUr.arid 
of the aalta in the budy of the cat, and it follows from his taleuia- 
tionslhat itjererjr kilogrnmme'aweight ofthe cat there are coutaineil 
ahout 679''il grammes of water, H8-73 grammes of carhonfci*<vl3 
j^rnmmes uf hydrogen, 35"45 ^anmiea of nitrogen, i>4'7'^ grammt* 
cf ONygen, 2"13 grammes of flulphor, l-HS grftmmes of f=o<iiti[C| 
1'5I grammes of chlorine, 5102 grammes of earthy phosphatei, 
induding almut O'l of a grminie of iron, and ■1"4I grnmmeid 
other salts* including 2'lf? grftmrres of pliosphoric acid< 

This calculation gains additional support from the circum^Untt 
that, as follows from the data foimerlr given, adog fed with Cob 
gives off" 2"25 gramm^^s of Hater by perspiration and reipiraliofli 
and S'97 gfttmnic* by the urine and froccs {and, therefore, on the 
whole S'22 part$] for every 100 grammes of water which it conta ni, 
while 23'25 grammes are effased into the intestine with the int**- 
tinal juice. Hence the internietliate circulation of the water to vmiS 
the intestine in far more considerable than its &nal excrctiou> aai 
amounts to almost the fourth part of the whole quantity of waterin 
tlie hoily. If, on the other hand, we compare the aqueous exert- 
tiona with the amount of water in the hlood, and fix the latter »I 
100, 2J'[} parts nre entirely removed from the hody in twenty-four 
hours, while j^9'0 parts are effused into the intestinal eanal. Of 
every 100 parts of salts in a dog fed witli flesh there Hre in tweniy' 
four houra 5'S purts given off to the esten^al world, while 8'j partt 
are effused with the digestive fluids over the surfecc of the intea- 
linal cjinrd ; while of 1(>0 parts of blood^salts 21'2 parts Are com- 
pletely excreted in twenty-four hours, and 34-1 parts conveyed inio 
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iutcfllitic. Of eTcr^' 100 parts of carbon in llie body 4-2G parts 

Bepflrated by the reapiralion and urirej hIuIp only ^•-l^ p&rts 
s into the intestine (of whi*?h 0"376 passes chrciugli Uie bile) ; 

H similar ratio holds good uitb regard lo tlie hydrogen- Of 
ry 100 parts of nitrogen in the animal body, -3'S9 parts arc com- 
ely sepnrateil, and only 1"23 parts pass into the intcslirie (of 
ch not more than O'lOl pasaes Through the bile). Of every 

parts of aulplmr coiilaiited in tlie animal ^"3 pjvrtK are daily 
rctcd by the kidneys, wbile 2'G parts enter the inteatine (!'? of 
ch passes through the bile») Of 100 parts of phosphoric acid 
he soluble phosphates of theaninial body there are daily elimi- 
»d 7'-7 partsj while 2 U parts complete the circulation through 

intestine. 

These arc only a few instances of results to which such statis- 
-chemical investigations of the intermediate metamorphosis of 
ter lead us, when they are condacted with that accuracy and 
umapectlon which are indispensably requisite in such cases- A» 
wc unfortunately possess no other investij^'ations of this nature 
) those of Bidder and Scbmidtj of which we have made mentiont 
whatever higenuily may be discernible in these inquiries, and 
'ever brilliant may be the results to Avhich they have already led, 
mst be admitted that they have merely indicated the path by 
oh more numerous investigations may enable us to reach the 

towards uhich we are striving- Since we are conscious of the 
ciency of our knowledge, and the uncertainty of most of the 
i in our possession, w^e Likewise omit a ninthematicab or rather 
Imietical slcetch of all the moA'ements of matter in the living 
yconsidered in accordance uith all their relations and value, 
As it is our lirm convietioni that it Is ojdy by the above indicated 
hcmatical determination of the limits of tho metamorphosis of 
ter that the general propositions of oar science ean be com- 
ely established, we are the more ready to leave to future 
lliats the bold attempt of classifying vital phenomena according 
umber, mass, and wcightj and thus sc^eunng to their theories 
imount of relative truth which might at all events equal that to 
^ the other empirical sciences have long since attained, 
[q drawing towards the close of this Avork, vte cannot forbear 
xtiog once more to that department of our science, known as 
Lolof^cal chemistry; and the present would seem to be the 
ig place for entering more minutely into ihe consideration of 
\otoffkal pr-orefints ; and thi^ we had fully purposed doings for 
original intention was to investigate the pathological metamor- 
I. 2 G 
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oTlUrpalbologMl 
lb* MalUf^ mfttarkb » vv 
Ikr M pa««ib« tato one 
ha«b ^r «t teut •onu fnr of the 
rlcwi I tfiit it won became obrmn daft it woidd 
Mry Irt ()evittt« Croin the fccnenl pka «f ihm ^uA^ if vc U 
Atrprtipinrl to tompmMto for thtfthiciM«ofrc«l tatatbrMlalcMr 
Miiuliuim frniii iiiritJbt tlic tuiiftued nuet of ^C kMl Wy WWd^iHtal, 
mill iifuii (urclriB obftcrvAlioiie* If we vcre not afttstfoi pidt 
iii«r» n prim t» tic »», we wcTO dmen to Uw a c ceMly of wv^^Otq 
tiPii'K rni>ri< tivrir the ohftCTrrsUoru uid ficto which had ftlnvlr ^*o> 
i^ifckually itiitjLKiJ in die cmirw oTthii vork ; frrr ttq nn: dcficinU in 
Uio |ii)ijitH nf (Irpartiirc nccvu^rj to a acientific^ mode nfmitioim. 
Vhild mir rxpliinutionH fcir vrnntiiig ir ccrtnunty. Pfu^MMBOBolo* 
ffiu^ iliiliL nrv ihdiipcnKnblc to ftn ideal interprctatioit, AJtboagb 
thvjr nn •d^rr'rly Juitlfy u» in undertAking anything bepicul 
A rAtiiftl invrntlKAliiiri. Hut can we bt; MJt! to possess anydong 
lip]ti>mrViii)( n \\hivt}owcnalo^y of pntliologico- chemical practtsan 
thv w^ii^ut^r kmm'n itA imtlnjk^iL'ul chemifltry ? Are we cTcn la uoa- 
■mimi nf iiivi'Jiri^nliittk'i OAjmbli? of exhibiting the causal cofirxf- 
U«Mt*»rthc«<>pullHiKmir4j<-chtiiiiriil phenomenal or are those whii-h 
ihi lnvpiH'** ^^"iilnoroil with Miflidcot exactiic-is to justify ii» in 
tnvril^i frtkiii titpiik ftiiy nnjrL^KCnt^ral concluaiona? What has htti), 
or wui M yH km (lone in pntliulojjfieal ehcmiMtry i Some few fact^jn 
Ut fMUdlMlla iif ihp iiirULuoi-}jh<>MH of niiimnl imtter hat-e be«n 
llMiMlPMd i<k a hiinilifi ut' UI^tiim^x, niitl in the must farourahl^ 
W*<Mlh«> n'«uUa bavo Iwcn co&i|iftrcd together, although Uiej very 
frt^mmil y fh<l m>1 ailmit of comj^Arkson. And even if the obseira' 
MM Mtaitr itn iwr Mxii the name vihject in liiffcrent condition^} did 
I^Htially KiluUt "f cotiiiwiinmt, we mlf^ht indeed derive from them 
\^M.^ wt ie^>sn\%ttr-ynH\ti in reference to some popular \-icw iii 
^umk4«l (MK4k)k>|iy. IhH ihey eouhi never afiord ua any i^tsight iaUt 
th* >wthiik^i*al ^mtnm in ihe iiliG««5D in <)iiestioiD. It has only 
»ff^K4u Uw«i i\wtiiltr*il Ikat it ia indUpeniably necessary to tht 
«wuiirfvhip*v«iw U a |wth<iio{ci«J )m««Ba« that we should sitnidu- 
MWMly iuvMtfiiiM^ if uit dlf u \mat cwiy of the factors ami 
HWllMala tiimm ■»! tU ta«M ol^, aiid that we sitouLd cndea^ 
^•W h* aacMate tho tuuiuai ivMokb of the didvfent pwts of the 
V>N^ v$ rlMMMMbk XvAttmd of institating aeeoiaie amlvBea ot 
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the urine, the blood, the solid e:(eremeiitg, and the ex\nrsd air in 
one and the snme discssp in one and ihe ftame individafdj and 
rnaking careful deterniinatTOns of the quantiues qF the ege^ta vi^lien 
compared with the ingcsta or the wti^ljt of the body, intinilc p&ifis 
have been taken lo compare the composition of the blood in dif- 
ferent diseases without a auapiciuii uf tlie insuffidency of our 
Bnalvtical methods, and their iniLbjFit)' to iiffV>rd us any insight into 
the internal metftmorphoEis of matter. We believe that we have 
already Bufficiently chLracterised the deplorable nature of most of 
the analyses of moHiid urine. Diabetic urine 1ms frequently been 
examined, the other juiees hare also beeii analysed in diabetes, and 
sDgar has everywhere been found- Vet tlijs much diiou.^sed disease 
lia* never been inrestigated with reference to the general motamor- 
|ibosiH of matE^r ; on no occasion has any attempt been made to 
delerniine the ingestn andcgesta of the body during its continuance j 
and even those cxpcrimcnta which have been made to determine 
the relation of nutrition to the formation of sugar^ have either been 
left incomplete, or have utterly failed in their objeL-t, while the 
relations ofrespirationi which are ho importartl in this disease, are 
atill aftrouded in complete obscurity. A coooprehenaivc examina- 
tion of the kind to which we refer is essentially needed in the case 
of inflammfllory fever, or the inflammatory process accom(> an icd 
liy feterr nhich constitutes one of the nmiii processes of most 
diseases. It would have scn'ed as the first point of attachment for 
a systematic inquirvj as the key-stone to a true system of putlio- 
logical chemistry; a more favourable opportunity rnuld scarcely '>e 
found for establish inir and examining from a physical point t>f view 
tlicse romplicatcd relations in the deviationa from the normal 
course of the mctamorphosia of mattcn But tlie ground before us 
isBtill unbroken, and the fruitful soil has as yet yielded little more 
than weeds. 

In reverting once more to tbe points of view wliich afford n 
prospect of a successful elaboration of pathological chcmititry, and 
in thus endeavouring to justify our silence in reference to patho- 
!ogi co-chemical processes, we in no way intend to animadvert 
upon those true inquirers who have ejEcrcised their powers on this 
unculti\'atcd department ; for the deficienciea in their labours were 
owin^ leas to those wbo prosecuted tliem, than to ilie eKtra- 
ordi nary difficulties of the pursuit, which will still require many 
years of libonrbj overcome: indeed, we have already endeavoured, 
tbronghout the uhole course of this work, to place these diftcultiea 
in their true lightj and lo caution our readers against attaching too 
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APPENDIX- 



ADDinONS* AND NOTES TO VOLUME 1- 

(1} Addition to p. 44, line IS. — Wemust notforget tbatox&latd 
of lime may possibly be formed during thia process- We knaiv 
thai tlitre is a cluse connexion between tlie escrelion of uric acid 
find tht' formatiun of ibia 3a,|t, from the circumstance tliat in most 
Epecrmenscf Lirine^both sedimentary and non^ sedimentary, oxalate 
of lime cannot be repognised hy the microscope so long as tlie 
fluid is fresh t but as stion as crystals of uric add present tbenw 
sclvcs) cryitUls of oxalate of lime (rLt all events in snnall num- 
bers) may also be discoverod ; indeed, we generally find tliat in 
morbid urine the abundance of these crystals is proportionnl to the 
rapidity with ^hicb the free uric arid separates. Since uric acii], 
when acted upon by certain oxidising agents, may be decomposed 
into urea, nllantoinc, and oxalic acid, we may assume that a 
portion of the uric acid maybe decomposed during this acid urinary 
fernieutafion, and that oxalic acid is formed hom it, — a possi- 
bility which is converted into a prubability by the recent obscm- 
tior of UflTikc,t that uric acid, on the addition of yeast and of an 
alhali, becomes decomposed at a high temperature into urea and 
oxalic acid. 



(2) Addition to p. 48* line 3.— Wohlcr and FrcrichaJ have, how- 
frrer, shown by direct experiments that uric acid is deeomposed in 
the animal organism in precisely the same way as by peroxide of 
lead, since they found that after the injection of urates there was 
not merely an augmentation of the urea in the urine, but also that 
oialic acid n-aa present in it in larger quantity, 

(3) Addition to p» 50, line 19. — Scherer has likewise found 
formic acid, in association with other acids of thia group, it^ the 

■ The'^ndditioDfl" Ajc ukcn&om the new Gtnnoa editloa of tLiB nroric 

publuihed in lons^ 

t Jo»m- f. pr. V\t lUi. be, S, 16. - - 

t Aaa, d. Cfa. u. Munu. Dd. Cb, 8, 340. 
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Mild ikmd of Hit apken* uid ui Icurfl^mic bloocl.t 
triT krpe c^nantiDfs of thU Acid haTc bem obt^ticd^ under dijt 
ovn inapccUon, from iboraiAl hniDui sweat, tht e.'cact itattm of ll>e 
acid beini; not cmtydctenmned by the reactions de^criW^l in p. S 
b«t also br Die detcnnmation of iti sataradng cap&city vid 

(4) A^iioci to p.. 3S, lioc 8 ffocn bottom- — Scbottin bc]i«T< 
iJMt he ))M fucmd ia«ucvtODic add in the tweat ; but con^dennj 
At Mtall 4}tiftnt]ti«4 in vhich the add in question ocmrs, and iJui 
fptane^ ■oetir, and butyric acids arc also present, it must remain 
Widmdfd wbcthcr tbia supposed meta<%t<jnic acid may not ^^J 
mmtf a mixture o£ the tvo Uii-Damed acids. ■ 

(5) AdtfitJOQ to p. fit, bne ^. — Schotljn baa determiDed Ebe 
azatCDoc of butjfic add in tbe vwcat with all the neciwMij 
a ac at a q f, Ua lnTertigaoottB baving boon carried on under mf own 
UpWintendencc Ita qdintity «aa, however, to less than that ol 
tbe aectic and fbnnio acids. 1i is, moreovrTf not a m«re product 
of jBwmi|WK r ki o n of tbe secrctioa of tbe aebaceoua follicles, v 1 
locw ml y b<fiev«d» bat occnn in a free «taU in the sweat of ti:e 
axillary tvgioiKit Iho gewiJtaJt, and tbe fccL 



4 

n tte^ 



(6) Adcfition to p* 89, line 1 7*^^tr«:kert baa discovered a 
of nweh iaCCffOatf viudi ia bomeric with laetamide- He has tenned 
it olaaiaf ; ita faraala ia C^ H, N O^ ; and it ii prepared in tlia 
fbUovriT^ manner: — 

If a mistnre of S parts of aidebyde^^noMmu and 1 part 
anb]rdron pntssicacid be bcated with an exceasof aqueous h 
diloric add, this substance a formed ; it must be precipitated 
from the hvdrttchluraie of ammonia vbidi is intermingled vith 
it, partly hx cryvtallMtknij and partly by e:itfaction with alcnlio] 
and etber ; the bydrochloric-acsd compound is decomposed br 
hydrated o»de of lead [C^ H^O, + C,NH +2 HO ^ C^H^NO^V 

Alanine rry^lallises in naerpocs^ oblique rhombie priams, or in 
tteedles united in Cufb ; it duaolves in 4*6 parts of water at I /^, 
It sligbtlv stjubk in ojld alcohol, bat iMolcdde in ether; the 
aqueoua sohition has an inlenselT sweet taste^ does not re-act oa 
TCgelsble o^Koun, and is prpcipitaied by no i^-a^nt. Tt sublimes 
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at & lemperaturc exceeding 20(y, in ilelicate, snowy cryatala. 

When rapidly Iicatcd it is parlJy decomposed; on being itidamcd 
it burns with a riolet flame. By the action of nitrous at-id, ulunine 
IB decomposed into niCrogenj water, and luetic add. The salts of 
alanine are crystalJisnble, and more soluble than alanine itself In 
wnler, as well os in alcohol and ether. 

From this beautiful discovery of Strccker^s it seem* almost 
cerl^iin that lactic acid is formic acid coupled with aldehyde. If 
alanine consist of aldehyde and prussic add, and if it U eoriverfed 
by nitrous acid into lactic acid, we need only asaume that (as often 
occurs) the atoms of pruasic acid are decomposEd into formic ccid 
and ammonia, and that the latter is decomposed by nitrous acid 
into nitrogf.n and u"iiter. Since, moreovf-r, the products of deeom- 
pofiitioJi of the lactates [at all events of lactate of copi>er), support 
the assumption that aldehyde pro-cxists in lactic acid, this hypo- 
thesis regarding the composition of lactic acid must be regarded 
as well esUihlished, 



(7) Note to p, D3r line 19. — [Scherer has recently published an 

excellent memoir '^ On the recogintton of small quantities of lactic 
acid in animal matter?*/* in the fourth \olume of the Verliand- 
luugen der phfsicalisch^inedicini^cheii Oe»ell^chaft z\i Wiir^burgr 
1B54< After the coagulation of the albuminous n^atters, cither 
by hcatj OP wliere this is not effectual, by alcohol^ the filtered fluid 
IS evaporated to dryness, any memhnmes that may be formed 
being removed. The residue is dissolved in water, and precipi- 
tated with hnryta-wotcr, in order to remove the phospiioric acid^ 
Bulphiirie acid, and the earthy phosphates. The precipitate is 
removed by fillrallun; tlie excess of baryta is precipitated by 
fiulphuric acid, and the tiuid again filtered. Tlie filtrate is treated 
with a little sulphuric aeid^ and is submitted to distillation, in 
order to separate the Toktile acids ; viz., acetic, fonnicj butyric, and 
hydrochloric acids. The residue left in the retort is very much 
concentrated, treated with strong alcohol, and allowed to stand for 
some days. The sulphates of potash and soda being insoluble in 
alcohol, crystallise and adhere to the walls of tlie vessel- The 
acid fluid is then deciuited, and, after the addition of milk of limcr 
the alcohol is evaporated or diidtilled; we then filter while still 
warm, and remove the excess of insoluble hydrate of lime and the 
sulphate of lime that hns Ijeen formed, and allow the filtered 
neutral solution to !<tand for some days. If the fluid should still 
cjchibit an alkaline reaction from the presence of dissolved 



APPENDIX. 

hydmted Iline ui it, this may be removed hy a current of cwbonk 
ttcid gas through it and aubsequent ebullition^ when the lime will 
bo Ihruwn (l<>wn us s bioaibonate. 

If tbe qumitity nf kciii^ add be not too small, and if there be 
not too luuch coloured extmctire matter^ the lactate of \mt 
uaiiAlly cryalfliiiscs in a few days in \fart-Uke dusters. If, how- 
ever, tliesc crystals do not appear, we cvjiporate tlie whole llaid lo 
tho eoiiftistence o^ b syrup, mix it witli strong alcohol, nttd lei it 
stAtut in a cylindrical vessel, which must he placed in a moderatdj 
wurni situation. A reainoua dcpoitit, almt>st ii^soluble in cold 
rdcohol, and con^ij^ting of a combination of lime with extractive 
matter^ is generally soon formed. After the alcoholic soludon has 
now become dear^ we pour it into a vessel Ttith a curer, and 
grftdu/illy add small quantities of ether. The Inctnte of lime, if 
present even in tnera traceiij separates in the furm of delicate white 
threads and soft crystalline masses, which, after being dned upon 
filtering paper and re-cryritalliaed from the smallest poulMr 
quantity of hot water, may be subjected to any further inrcati' 
gatiou that may be deemed necessary. — o, B. d,] 

(S) Addition to p. 93, Last linc^Althougb Schmidt long ago 
communicated to mc that in his experiments he was unable lu 
hnd any traca of lactic acid in the gastric juice of dogs, 1 have a^ 
yet been unable to determine the eonditions under which it occurs 
in the gastric juic:e and those under wliidi it is absent. Circum- 
atanccs baring prevented mc from providing myacif with a dog 
with ft gastric fistula, for the purpose of repeating the esperi- 
raents^ 1 collected iha gastric juice of fourteen dogs which had 
been coiideninefl to dedth by the pohcej they had been fed with 
horse-fieah some {from 8 to IG] hours before they were dc5troyedi 
and a quarter of an hour before their deatli they were fed with 
fatty Ijones. Tlie atomaoha of most of the doga contained no 
remains of the flesh, but mereW fragments of Imnea. The mo^t 
decided evidence of the presence of lactic acid in this gnatric juice 
was obtained from the form and the characters of its salt^, as wcU 
as from its saturating capacity- Since, moreover, the conditions, 
observed hy Schmidt were al?)o observed in this investigation, Utert 
could be the less doubt that in this case there was present 
not merely free hydrochloric acid, hut also a conaiderahle quontitT 
of free lactic acid. On treating the gastric juice with iSrae-walCr, 
crystals, perfectly rcscmbluig those of lactate of lime, exhibited 
themselves on the evaporation, in vacuo, of the portion insoluble 
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in spirii: even if all the chloride of calcium were not extracted 
bj altjohol, and if the Iransition of the acitl to tiie nraijneaiaj 
protoxide of iron, or oxide of zinc or of copper, diJ not allow ua 
to rcco^isc tlic ecid, wc might liavo concluded that theae crystala 
were '* liydrated chloride of calcium arid HtQe/' but the determi- 
ttatioEi of the saturating capacity from the magnesian salt removed 
rU doubt. 

In accordance with my former iuvestigatiOFiB (nee vol, ii, p.'14], 
1 also found less hydrochloric acid than Schmidt, noraelyj only 
(Miej, vihile Schmidtj never found less than O"!"!? even in 
gastric juice which was mixed with saliva; in addition to the 
liydrochloric acid there waSj however, also 0-391^ of free lactic 
acid present (11-682 grammes of gastric juice saturating '0^3 of 
a gramme of baryta). 

There can be no doubt, when wc consider Schmidt's well-hnown 
accuracy as a chemist, tliat in tlie ca^ca which he analysed the 
■gastric juice contained no lactic acid, and that it was replaced hy 
[iVee hydrochloric acid. Amongst other pohits, Schmidt determined 
[the amount of chlorine in the fresh gastric juice by strong acidula- 
ition with nitric acid and by precipitation with nitrate of silver; 
the precipitate was free from organic matter ; after the escess of 
■ilver had been removed by hydnichlorJc acid from the solution 
(which had been freed from the chloride of silver by filtration), it 
was evajioratcd to dryness, incinerated and tJie bases combined 
with chlorine were analysed : the amount of these bases whieb was 
found was not sufficient to saturate all the hydrochloric acid calru- 
llated from the chloride of silver that was found. If now the free 
flM^id of a quantity of the same gastric juice were saturated with a 
lolution of caustic potash or with lime- or baryta-water, it follows 
that exactly so much potash^ lime, or baryta was required ft^r &atu- 
ralion, OA had been previously calculated for the excess of hydro- 
chloric aeid above the bases in the chloride of sdver; tliis eould 
not have been the case if alkaline lactates had been associated with 
tlie alkaline clilorides in the gaatrie juice. 

(9) Addition to p. £*>4, 6 lines from bottom. — 1 have likewise 
detected lacii*^ acid with certainty in the juice of the sniooth 
muscles;* and Stherer has recently detiicled its presence in the 
|uicc of the splecnt and in leuccemic blood, J In our investigation a 

• Wfllther, DifflL inaug. mi^ Lips. IWl. 

t Vorhand- d- phyfl.-m^. G«. 2u Wunburg. Bd. fl, B. SOU, 

3 tUa. VvL9,|h3Si. 






on the aveiit IiijUj Sfliottiii nud myaelf fflileU in drtectifi^ it eiiL^T 
in the bcaltU^' or niorliid Buid. Robin and Vcrd<:il * Jiave r^cvntlr 
found lucUte uf linie in large quantity in the urine of !jte borer, 
nnd Las«ai^ct Ijelicvefl ibat be baa found lactate of sod* iu tlitf 
nlUnioLV fluid of a calf. 

(10) Addition to p. 116, line 22. — ^Damulunc and damoleic 
Dcids must be added to the oily fatty acids mentioned in the text 
They were discovered by Stadder. — o. a. d.] 

Damafuric acid (Cj^H^^O^-HO) was found together with damiv 
It^ic acid amongst the products of distillation of costs' urine treitcJ 
^■ith hydrochloric nctd; it ia an oily fluid with a peculiar odour, not 
unlike that of ralorianitr aoid^ is aomenhat heavier than watery in 
which it i« slightly soluUe, retldened litmus powerfully, and yields 
a while precipitate with ba^iic acetate of lead, which under iLc 
uiicroacope appears cryataUinc. Its silvcr-aalt la not aflected by 
light ; its barvta-salt is crystal I isuhle^ soluble in water, renden 
turmeric paper brown, does not fuae when heiited, and leaves, 
after smouldering, carbonale of baryla in Uie fomi of the urigi 
salt. 

DatHolcic atid [C^^ H^, O^) occurs with damaluric acid amon 
the volatile acids of cows' urine ;( it is fluidj heavier than wat^r, I 
which it is only wltghtly soluble, reddens litmus, Rnd forms a cry- 
nlallisablc aalt with baryta, which, however, ftisea on the applicaticn 
of heat. 



.'es, 

I 



(11) Addition top. 1S4, IJnelO. — F. Kundcf aAccrtaincd wttil« 
working in mv laboratory, that oleic acid, and likewi&c certain 
ethereal oils possess the property of producing the same rolout 
Willi concentrated bulphunc £cid and a little sugitr as cbolic aad 
and its conjugated compounda ; and SchultKc || lias independently 
arrived at the aamo rcsuU. I am notj however^ inclined to bclievt 
from my own ubservadons tlnit there is niucli probability of £J^y 
mistake ariaing from this circumstance, since olein and oleic add 
when mixed with sulphuric acid and sugar only slowly gave rise lo 
thi?4 coloration, the procesi^ being dependent on an abi^orptioii 

* M^m, de In BocI^r' de Biulo^e. T. I. p. S6. 

t Ann. df riiiin. et do Pbyn. 18A0. T. 1 7. p. 2{*S. 

; Nuhr. d. G«. A. Wins. k. Goaingfn. IflM, Sp £33-243. 

§ Difiserl, inaug. Itcrol. 10G»h 

Aeid. d. Ch. a. Pharu. Bit 71, 8. 3W-377- 
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oxygen* and, therefore only taking place in thin layersj aa for 
instiincp, on a watch-glass, 

(12) Addition to p. 13?, line S0< — I* have Hkewise found crea- 
tine in the smooth muscles — in those namely of the atomacb of the 
pig; and Siej^mundt has auh^equently detected il in Lhe muscular 
substance of a pregnant uterus. 

Verdeil and MarcetJ have found both creatine and creatinine 
in the bload. 

(13] Note on Tyrosine, p. 142. — [Tyrosine has been recently 
analysed by lllnterberger,J under Liebig'a superintendence: it 

COIIBlStS of — 



Hydrogen 

Nitrogen 

Oxjgcn 



If tyrosine bo treated with boiling nitric add it yields, accord- 
ing to Strecker|| a large quantity of oxalic acid ; hut when treated 
witli cold iLitrJc acid it nut only yields oxalic acid, hut al^to 
nitrate of nitro- tyrosine C^g H^ N, 0,6 ; which when treated with 
oxide of silverand ammonia yields d AgO + SHO + CaA H^,N^0j5. 

In addition to the sources of tyrosine mentioned in the text 
(namely casein, albumen, and fibrin), it may beobtiiined from liom 
(Hinterbcrger), cochineal (Warren dc la Uue*l), and from feathers, 
b^r, the elytra of the cockchafer, globulin, and hsmatin [Lever 
mid Kiiller**) by treatment with dilute sulphuric or concentrated 
bydrocliloric acid, as \\e\\ as by put refaction. According to 
Hinterbcrger, tyyoaiae is much more advantageously obtained 
from cows* born than from albumen, casein, Stc., and it is better 
to fusetlie horn with caustic potash than to employ dilute sulphuric 
acid. According lo Piria, ft the following is the best method of 
obtaining this body: 500 grammes of horn shavings must bo 

* WjJllicr, Di^a^ iaaug- msi. Lips. ISat. p. 8. 

+ Varli. d, phjs.-mod, Gcb, zu WUraburg. Bd. 3, 8. 60. 

X Journ, dp CJiira, nl da Thyi. 3 Edr. T. HO, p. 01-03, 

§ Anil- 1], Cb. u. Piuum. Dd. 71, 3, JMO. 

]| Ibiri. Vol. 72. p. 7n-sa. 

t Iljid, Vor67, p. 137, 

■• Ibid, Vci, 33, p. ita^aaa. 

ft )L^d. Vul, Bl. p. XfiL. 



4CU 



APPEI4DEX. 



grncliiaUy added to a tiusture of $ litres [5'3 pints] of %vitct wd 
1300 grainmea of sukpliunc add, winch muat be prcvlousl^f raised 
to th« boiling point ; end tlie whole must Ije kept boiiing for fort^- 
figlil hours; after dilution with much wat^r and neutralisation 
ukh milk o( lime, ne treat tltc &ktr&te with o little more milk of 
litne and allow it to hoil for an hour or tvo in order to decolorise 
it ; the flindi ofter filtration, la then evapiiiBted li> '2^ litres, a stream 
of carbonic acid being passed eontinuously tlirough it during the 
process; on being aguin ftlLered and allowed lo stand the tyrosm* 
Kcparates in cry^tals■ Lcyer and Kwller employ the following 
method : they boil 1 port of protein- substance with J parts of sul- 
phuric acid and 12 parts of water for forty hours ; the brown duid 
w rendered nlknltne by milk of lime, and isagain heated and dltercd. 
Suffieient sulphurie acid U then added to nearly destroy the alka- 
line rcnction ; the tyrosine now crysialUses in tolerable purity from _ 
the evaporated filtrale. H 

With regard to tt-Atiiig for tyrosine, when its quantity ia iiirt " 
audicienl to enable us Ui recognise its presence from its properties, ' 
and by its anidysia, Pirin reeommends the employment of tbftfl 
reaction of the salts of tyrosioe-sulphuric acid with neutra3 " 
jMrrchluride of iron, when a dark violet colour is manifested. If 
we place a little tyrosine (a few mlllegraninies arc sufficient) in t 
wnteh gloss, moiatcn it with 1 or 2 drops of sulphuric acid, diljt« 
it after half-nn-bour with water, saturate it when heated witli 
rarbonnte of lime, and add perehloride of iron (without any fr«! 
ncid) to the filtered fluid, the presence of tyrosine is indicated by 
the appearance of il dark violet colour. — o. G. D.] 



(14.) Addition toj]. l(>3,line 24, — Scherer*haa obtained mncfc 
more correct results than Becquerel in the case of children and 

adults- He found that the urine of yount; children contained on 
an average l'7ij of urea, while he found only l-25g in the 24 houra* 
urine of a young man aged 22 years. Determinations of this 
kind lead, howeven to few conclusions ; to oblain an insight ifile 
the general process, our determinations should have reference to 
deGnite intervals of time, and to definite weights, A boy aged ^\ 
years discharged in 24 hours 12'!>& grammes of urea; a girl aged 
7 year;*, 18"29 grammes; a youth aged 22 years, 37'0C8 grammea, 
and a man aged 3y years, 2^-821 grammes. If, hourevor, wc take 
the relative weights into consideration, it follows that for 1 kilu- 
graninie*8 weight of the child tliere waa discharged 0*810 of a 

• Verb, d, plijrjk-nu'd. G». z. WQraburg- Bd. 3, 3. ItiO'lW. 
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gramme of urea, wMIe for 1 kilt^ninime^ weight of llie wMt, 
only 0'4L;0of Q gramme (or little more than bolf the quantity) of 
urea wag excreted, 

[Subsequently to the pubUoation of the first volume, Verdeil and 
Dollfus* have founcf urea iu large quantities in the blood of oien- 
Molcaciiottt believes that he has found oxalate of urea, together 
with other o\nlat05,in the muscular juice of frogs, whoae Uvera hnd 
been some days previously extirpated. GroheJ has, however, 
subsequently exainineil the ronstltuetils tif tlie muscular juice of 
froifs ilk the Gievten Lahordtory, and has arrived at the fulluv^lng 
results; namelvT — 

L That neither urea nor oxnlle acid exiEts In this fluid ; and 
2. Tliat the crystals supposed hy Molesdiott to consUt of 
oxalate of ureHj in reality are composed of creatine, creatinine, 
and nitrate of potasli. — o. e> Dp] 

(15) Addition top- l/l^llne 5. — ChevalUerand Lnssai^re^have 
extracted a substance to tiLich they have given the name .raiitU'i- 
cifntinct from the miliary tuberclea in a dead body that had been 
buried for two monthe. It wos insoluble in water and nkohol, 
hut dissolved in ammonia and in the mineral acid«; the aniino- 
niacal solution deposited m'niute white granules on evaporation; 
hexagonal tablets aepaitited from the acid solutions on evapora- 
tion ; tl»e substance did not fuse on hcatingj Ijut puffed up, Ijocnmc 
yellow and black, and developed an odour of burned horn, and 
gave ofTalkalme vapours. Tlie investigation of this substance was 
not carried ariy further. 



(16| Addition to p, 171, line 1/.— The following is the best 
method of preparing hypoxanthine. Tlie fluid obtained by boiling 
the spleen m\\\ wat^r is precipitated by baryta-water; tlie filtei-ed 
fluid deposits baryta-saits on evaporation, and must bo refiltered 
and the baryta precipitated by sulphuric add; all these liaryta- 
precipilates contain hypnvantliinc mived wifh the phosphole^ car- 
bonate, and &ulphjite of baryta. It i.s extracted from them by a 
dilute solution of potash^ and is precipitated from this solution, 
tf^tber with uric acid, by hydroehlorio or cnrbonic acid. The 
hypoxanthine may he obtained in a sqjarute state by dissolving 

■ Ann, d, Ch. u. FbArm. Bd. 74. &. 914. 

t ^nn. d. di. u. Fliami. Bd 115, Sl 

I Joura. de Chim. in^. 3 tt^r. T. 7. P- >^' 
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in _,LLiui«"rtt hi }^rmh . wmd Uiwaii^ down tbe nric add bj 

Ti^ iTii III! r ia» tMsi iwt^ br Gcrimii*' (one of Scberer's 
pcTEB =t ^^ Uoo£ <^ ib» ex. aad br Sdiaaf himaelf in lu^ 



Wc E7BC k*KV «>:«« Abu«l tkr uu.u1'i«irc of faypoxmdunf, 
tsri ici fOADOi ctr^nsnncB mm be fbitbcr mufied, before wc cwi 
■ T^^-g-f to Ws » jwfeafJrt- or eien to oifer on opinioD, r egMtfii^ 

T^e s^ takf tks ^yyumuu ir cf mcAtioninp that Sdmcr^ 
l^s «L»o f7=.-jd UkCftber b^ hi die fiaid of the si^ccii, to vhicb be 
Las gl i e a tiie nvac ^ fifwr,- it is crrvtalliDe, and vcoonliDg to 
Seijertr% *ralT^ riictaiiu t>o tolphnr. but consists of C5i'7li 

17^ No;e to pL Ifl.liDe 6- — prreckcT^ bas re<:endy succe«]^ 
in fcrminz tftnrintf utineiallT from uetfaioiulc of animonia,NH^O. 
C^H,0-2S0^ «bkli = C^H-N04S, + 2 HO, and iherefore 
cnly diffpn frcm Unrine br t«o equivalents of water. This salt 
fiuca mt I20~ C vithtrat disengaging ammonia, and Scherer hoped 
that at a sEill higher tempentnre it would loae water. He first 
found that taurine might be heated to 240^ C without decom- 
position or fusion ; md he then heated isethionate of ammonia to 
23T' C, and kept it at this temperature till it had loat 11 J of 
veight. The mass was dissolved in water; on the addition of 
alcohol it was precipitated in crystals ; this precipitate, dissolved in 
water, furnished by spontaneous evaporation large crystals eiacllv 
identical with the crystals of taurine obtained from bile. Like 
taurine, they bear exposure to 24(f without fusing or acquiring 
colour ; they evolve no ammonia with a solution of potash ; they 
do nut precipitate the salts of ba^ta when boiled with nitric cir 
nitro-muriatic acid ; when fused with potash and nitrate of potash, 
they evolve ammonia, and the mass contains sulphuric acid. AH 
these properties being the same as those of taurine, and its mode of 
formation proving that its composition is similar, this product is 
identical with the taurine of the bile. — o. e, dJ 

(IH) Addition top. 196, line 2 from bottom,— It has been already 

* Verl*. d, phy».-mod. G», lu Wttraburg. B<L 2, 8, 99ft. 

t Ibid. p. 333, 

; Ibid, p. 20R. 

§ CompL rend. T. 39, p. G3. 
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meiitinDeJ (vpl. i, p, 64) tliat both Wiililer and Ure dwi^overed 
that benzoic acid vraa coi^vcrted in the anininl orgfiiiiatn into 
hippuric iLcid, and eliminated as Budi with the urine. The subse- 
quent observations of Erdmann and Marchand* ha^'ing shown 
that cinnaiuic acid undergoes a similar nietamorphnsis, it became 
& point of interest to nscertain wbttJier the other acids homologous 
to benzoic acid, namely, toluylic arid cumic (or cuminic) acidsj were 
also transformed into hippurit? acid ; but thia is by no means the 
cas^, us is sliown by the independent inve*ligation?i nf HafTmmint 
and of itanktij Moreover, the acids wliich are homologous to it ill 
tbcir amount of carbon and hydrogen, as salicylic acid, atiisic jiddi 
and rumaric acid, pass, like those previously mentioneJj in an 
unchanged 'state into the urine, as was showji by R^inke^s experi- 
ments. 

(19) Addition to p. 218, tine 4. — SchererJ has found uric acid 
in considerable quantity, as a normal ronslituent, in the jiiirt! of 
the spleen. [Mr* llenry Gray (see his Prize Essay '* On the 
Slrueturc and Use of the Spleen," London^ [854, p, 209), Ixring 
anxious to confirm the observations of Scherer regarding the 
presence of uric acid and hypuxanthin^ in tlie spleEin-pulp, worked 
in unc e.xperimenb on the Npkens of twenty-6ve oxcei, but whoUy 
failed in detecting either of these Hubstancea; nor was he more 
successful with human spleene. — g. e. d.] 

(20) Addition to p. 235, line 10. — Pnemn'tc (oi pulmonic) acid 
probably belongs to thia group of conju^sited nitroi*;enoU3 acids. 
Thia add, of which as yet we know very little, was diaco^'ered by 
Verdeil|| in the tissue of the lungs. The niint^ pulnmnary tissue 
is stirred with water and expoaed to strong preaMire ; the decanted 
acid fluid is heated in order to coagulate the albumen, and is then 
filtered, neulrahfled with baryta-walcr, and evaporated to three- 
fourths of its volume. After the removal of albuminous and some 
cither matters by sulphate uf coppcr> and the excess of the copper 
by sulphide of barium, we evaporate the fluid till crystals of 
Bulpbate of soda are formed ; we then add a little sulphuric acid, 

• JouTTL f pr. Ch, Bd. ai, S, 307 309h 
t Ann, d- Cb, u, Phunn, BA. H, S, Ui. 

* Jgurn, r pr, Cli- D<Lfi6,8. 3-0. 

4 Veiliandl. <i. p\iy».-m*id. G«. au WiirzLurg. Dd. 2, S, SDO. 

II Ckimpt, rend, T,3a,p. fi04, md Trail*^ de Cliimie iiuilomique el pJijiro- 

IggiqUC. T. %p<4aO. 
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boi) u'itli nlcohol. The ibcid gmdunUx vep^nUd i 
IjoUc solution ors cooling. It cryvtslllses in oblique rliotnhio 
prisms [F^ P- 5, F. H}, ia estremely glist4?iiing, nnd refrifU 
light strongly: loses no water of cryilaljisation at HKi% but *; a 
bigher tctiipemture dccompoaca. It dissolves rokdil]? in water, ii 
insulubic iti cold but diKScU'cs in boiling Alcohol, is iiisi^luble in 
ether, form* cryilallisable salt* with ba^es, and contnttis not onlj 
carbon, hydrogrn^ and Qxygen, bat also i]iCr(>gen aiul sulphur^ 






(21) Addition to p, 249, line 13 from bottom.— Many 

have a speciul tendency to accumulate large quafittties of itlj 
wljcn in ptiifiohffiral stale/; hence it is especial]]^ iieces&art lo 
determine the normal quantities of fat which these organs conUriu 
Wc parlieularly refer to the Hv^^gpie^n^ and kidnnja. \\^ da 
tiof refer to llioae special fal-cclla surrDunded hv coni»ective 
tiasa?, such as we find in tlie FullicubiS oilijjojtus cuHm et rmim: 
but we here 6nd the fat specially acconiulated in cells not vcff 
unlil^e the ordinary epitbebal cells. On making n microscopic 
examination of the lirer in ita perfectly normal condition at t 
certfun period after a meal, it ia very rarely that we find the 
hepatic cells perfectly free from fat. In tlie spleen, which natijrally 
conlaiuH so lar^e a number of colourless cells, we always find f»l 
both in the carnivora and herbivora, Frerichs* discovered fat 
the perfiictly normal kidoeys af dogs and cats, ami von He^liai 
constaiitly found it in the kidneys of fishes; and, finally, Lang] 
has demonstrntcil its ordinary occurrence in the kidneys of- 
by microscopical and chemical investigations. In normal hui 
kidncv*, Frericbs obKerveil small quantities of fat, auid 
found that fat was ;ls often present as absent- Lang found fraa^ 
I'8g to S'98 of fat in Ujc dried subatancc of the kidneys ta aU, 
but he waa unable to detect the presence of this substance in the 
kidneys of an ox or of a calf. U appeursj both from patbolt^icii 
observations as ^vell as from tliese investigations of normal kit 
ncya, that the fat principally occurs in the cortical substance, at 
that it exists in the form of minute drops, which are portly fi^ 
and partly enclosed in the cells of the tohules. 

1 must not omit to mention an obaenation nbich 1 hai 
rc|Katcdly made, 1 have seen tire "canaliculi contorti *' of Lhe 

* ]Ji« Bright'«]i0 Nipreitkranldjcit n. dcren B«1iaiidhing. Btvun^liivrlftl 

f Uu\v\. Beitr. a, Lpbie v. d. nanrahaoDiJi>mag. J«na. lOAl, 8. M^ 
t Dq ftdipff ia arina vt rcnibiu, dica. inatig. Uorpat. 1IIS3, ]i. 48-64' 
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ki'Jncys Kt( tliree fre^lilj'-killed deer, and of iH^veriil Imrrs, filled 
witli free fat-giobules, nnd the epithelium simiUrly tilled, ivhilo 
■carccU- an isolutcd ftit-glubule couJd |jc seen in tlie true lubiilar 
sali&lanre or m the critilcuts ftf the biaddcr of these animals* 
Since tlie^e animals were perfectly- heaUhy* and had eertainly 
taVen no fatty food shortly before their death, tliese ohterrations 
to a certain decree oppose Lan^^^s view, accordiii;^ to whieli the 
amoimt of fet in the normal kklncvs is dependent upon the use of 
fatty food. At all ovents the snhjert requires further investi- 
gation, notwithstanding Laitg's (ireful observations. On a retvnt 
occaMon 1 could 6nd no fat in the kidncya of a deer: could tKose 
Three animals have been in a special state of dei-ekipment ? 

l^VVe may here notice the inve^tigationft of Professor Beale*i[i 
n^ft^renci; to the amount of fat in the human lii-er and kidney both 
iM health and disease. 
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Beale ^ire* tb« resair^ uf hM loaiyics of cae ksdurr bi i lOAf 
of bttf dc;;eneration, of foar £ftbeCic kiidney^ uci of tvo «tiibfdc 

Tftkin^ the mrooant of &t in IM) pafts oi t&e «m^ ■aAct. it 
wu band that one dUhctk kidccr cocitaincd fire tin:«a the Donnil 
quantitT of fat; another foar times aa uocii: a third Dcariy 
the same proportion ; and the fuortfa contuned three tinKs u 
marh aa vaa found in the healths kidner. The ^Itr kidney con- 
tained rather more than six tlfnea the qmnthy o£ &t ^^"97?) 
obtained in the healthy specimen. 

Of the two diabetic liren, one contained only 4'6|. and th« 
other 7'^^^ of Eat; while in the two hcvlthy liven the cone- 
nponding numbera were I2'15 and Ij'SI;?- 

It utinld thu.n appear that in diabetes the kidiicy, in its chemical 
comptMition, approaches to that of faity degeneration, while ihe 
liver appears starved, and ita secreting cells seem to manifest 
a tendency opposite to that of faXty degeneration .^-«. k. d.] 

(22) Addition to p, 27lj 11 lines from the bottom. — ^These ei- 
perimenta of Bidder have, however, most dbtinrtly proredj by tiie 
most careful determinations of the excreta in ^ting suiimals, that 
the element* excreted by the lungs and kidneys cannot sok4y 
originate fromnitrogenous tissues^ but that the excess of carbon and 
hydrogen excreted by the lungs is entirely to be referred to the de- 
composition of the fat of the starving animal, especially since these 
determinations of the excreta exactly coincide with the loss of hi 
directly observed in the dead body of the animal. The dulv 
diminution of the biliary secretion in fasting animals occurs in 
almost the same ratio as the loss of &t in the body (Schmidt).t 

(25) Addition to p. 280jlinel7. — Busch^has applied the tena 
Inotterin to a non-saponiliable fatty matter, crhich crystallises in 
needles, fuses at a little above 100°, is soluble in cold and hot 
ether as well a* in boiling alcohol, from which it evaporates in an 
amorphous shape. He discovered it in a uterine tumour ; it 
probably also occurs in the adventitious products known as 
collonema and colloid, 

(24) Addition to p. 266, last line. — The test proposed by 
Maumene^ not only gives precisely the same reaction with 

* Hot. d. koD.fl&cbs. Gc«. A, Wbs zu Leipz. 1851, 8 162 
t VerdauungnUfUtit. Stoffwechsel. Mitaa, 1863, B. 3B6-39B. 
X MuUo/a Arch. IBM, 8. 368- 
^ Compt. rend. T, 30, pp. 3U et 447- 
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^h]<HlNe ftnil the oilier true sugars, but aiKo nitli olher rairbo^ 

Jiyilrjirt*s; for on heating r)1 such substances to loo"^, aifler the 
R]>plicaTlo[i of dilunne or metallic cliloridc^, they are converted 
into glistening Meek masses; this happens not only with sugar, 
hut with H'Qody Jibre, hemp, linen, cotton, jjaper, starch, ftc. 
Hvitco it Is easy to seu that this method h open to many fttUacies, 
from llie acciJental presen(*e of alireds of paper, dust, ic» If, 
however, nc had to deal with pure nut^atances, we might certninly 
recognise very small quanlities of su^ar, if, in accordance with 
Mitiimene's dircclionsj we moisten, with the fluid to be inveiiii- 
gatetl and then heat to lOtf* a pure woollen twsoe (nierint*) 
which had brcn prcvioualv saturated with a solution of chloride of 
tin and afterwards dried. A glistening black patch is formed at tho 
spot that had been moistened. 

(35) A.dditEOTi to p. 287j 1 line from bottom, — Moreoverj thif 
lut'Uiod must l)c emploved with considerable ci re ums[iectioii in 
order to yield accurate results: for if the fluid which h being 
«XAniined contains other orgnnic substances, which can eitber com- 
bine with the iilkflU of the test-fluid, or can decompose o^ide of 
copper even to a slight degree, either the idrohoUex tract of the 
fluid, or the sugar-on d -potash-corn pound, must be first exhibited 
before the test can be appUed. A second objection to this proce- 
(luFc is, that we cannot keep the te*it-fluid for any length of timp. 
and that we, consequently, ought to prepare a fresh quantity fcir 
each determination of sugar. In the course of time the alkali 
exert*e a modi^ng action on the tartaric acid, bo as to give it the 
property of reducing the oitide of :?opper with ifie cn-opemtion 
rif heat, and, indeed, even in the cold. 1 f \\c liave boiled the freshly 
prepared solutiim with the grcatCRt care, and have convinced our- 
aclves that no suboxide is precipitated, we still iind that after a 
vfccfc a little of the suboxide is separated on hoilini^. amd after it 
has stood for n longer lime, a similar decomposition ensue^, even 
at an ordinary temperature. This method is, howc^'cr, by im 
means tn he rejected for this deficiency ; but at the same time we 
mu»t not overlook it_ 

(26) Addition to p. 299, line 19.— C, Schmidt* has aubac- 
uueutly shown that angar is a normal conatitucnt of the hiood of 
oxcn, dogSj cJits, and tncn ; and it ha^'eaince found (almoatsimul- 

• CUaraJclorifitik der Cholt^n a, a, w. IHSn, S. Ifil-ICK- 
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IciDCoualv with CI. Bcrhftrti*) tlmt l\w port.-il Ifloiwl rontiiins nn 
hU^r, or t>n\y tract'* nf ihat MiJ>sLJince, wlnlu ibr 1>Ii.hkI iJ tiir 
Wpntic veins iH very rich in .^lU^iir. Bernard lias saM>hcH liiinsd* 
that ttic aug&r m the vesst-ls ni^iir tht? Iicuit :;radiutUy drruinifllic*, 
ftud U»at only very little can lie fuui^d in the a.rc«rial l>lood. 

(27) Addition to \i, 2BB, line S from bottom. — I have recently 
fimiid svi;;ar in the unneof aninn suttVring froma very wrll-marked 
fltlutk of nrthritis. 

Alvnrn Ueynosot iins reirentlf Mi^ved that lie has found 
iiu^^r ill the lirinu in vnnuus hndily conditions, c^pcciallv hi cast^ 
of <.'pilo|iBy and liystcria ; he Further behoves that sugar is coa^ 
vtfintly to he found in the urine after narcotism has heen indno^d 
by tlic inhulnliun i»f ether, also iu pulmonary directions, and &ftrr 
the; cniploynivnt of the so'Calied hyitnathcidc agenls> bs iii«t^lj4 
■alts, sul|thnte uF quinknc, narcotic drug's, &c. ; Uhtc* who Tu» 
up|>oTtunilies of most carefully examinirg the uHuo in all tl 
ciinditiiHis (for the niujil part under my uwii dlrt^rt ^uperin 
dencc), has never been able to contirm any one of ItevttonN 
observhlTorts. 

Dernardl found su^ar in considerabk qnantttyin the arineof 
tho fcetus oF the- cow between the fifih and seventh months, aod In 
lliat of the sheep aI two months. 

The same observer uUo found sugar in the fluids of the am 
and sllantais tif the calf, lamb* and pii^. Tn a ees-en months* d 
calf, sugar was found in tiie urine; but it no longer existed ID 
above-mentioned iluids. 

(28) Addition to p> 2'JOf 14 lines &om the bottom ^—Berrurd} 

has subsequently tnken up this subject mueh more Fully, vrhilc thv 
^t that sugar cxUta in the hepntic tissue bus been thoroughly 
confirmed hy Frerichs,|| Baumert,^ and myself. Tlie amotict of 
sugQr in the liver is tnuch more considerable in many mainmab 
and birds Ibnn in reptilefi, ^\hile in the liver oF fishes there appcai^j 
tu In? no sugar- At all events^ Bernard found no Iraee of augar^l 
the liver cither of the eel ,or of the skate. In many diseases l^fl 
sugar disappears from the livcr- 




* Arrfa. gi^n. d? Mi^. T. IS, p.ao.1, 

t Coinpl. rond. T. 33. p. 4I(|-4]C, p. 531, and T.34, p. 1& 

i Ibid. Vol, 30, p. 317. 

I Ibid. Vol. 31, p. jJS-aj*. 

n llvidvDrU>rbuck] ck. I'hj-Biologifl. IM. 8, All. I, & A31. 

H Jouni. r, pr. Cb, ad. 04. S. 307-303. 
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(3*>) AddiUmi to 2fll, line 15, — In examining tUe body of a |ier- 
aoM viln> died froJn diiil)i;LRSj RiTiiarJ unly fiiiled in delecting sugar 
>u tlic follEtWLtig vrgaiia, viz., tbe brdin and spinal cord, tlie pancreas 
and th« spleen. 

(30) Addition to p. 398, line m.— Guillot and Leijianr* 

Lclieve tliat they have dbcuvt^red niilk-augar in tijt bloud of milch- 
cows. 

(31) Addilion to p, 299, top of page, [We maat here notice 
irioifife &i\djMrawi/htij s.nd give a few addilionaLdctaiU regarding 

iNOBirs. C,.jH,aOi^. 

Properties. — This TWicty of ausar crystallises with four atoms 
of water in colourlesa clitio-rectan^Ur prisma (f*, I'.G, F-6), which 
effloresce on eitposure to the air, and lose ail their water of cryatal- 
lUaiion at \0*.i° or in vaotio : it lias a sweet taste, dissolves readily 
in water, slightly in strong spirit, and is inar»!iiblc in alcobul and 
ether; it crystallises from a boilin-^ spiritaous solution on cooling 
in glistcnin;^ tablets somewhat like chok'sterin ; at a temperature 
exceeding '2]if it ft^aes into aclenr tloid, aiirl at a still higher tem- 
perature it undergoes decern poiiiti on in the aame manner as sugar. 
It undergoes no change when evaporated with hydrochloric acid, 
or wlien boiled with caustic potaf^h. It forms a blue solution with 
sulphate of cujiper and potash ; Ijut there is no T^eparaLion of sub- 
oxide of copper either on prolonged ataLiding or on boiling ; it doea 
not undei^o tlio vinous fermentation with yeast, hut in the 
presence of casein or flesh it enlera into luetic and butyric 
femientation. 

CumpoHlion. — Schercr,+ the discoverer of rhia Huhstance> bus 
found that in the anhydrous state it is perfectly isomeric with 
ai ill y d ro us g rape- sogar, 

Prepara/ioTt. — [f we treat the muscular juice of the heart of the 
ox in the j^auje utanncr as in the preparatic>n of creatine from mua- 
clea, and if wc then separate, by means of sulphuric acid, the baryta 
from tile mother-liquid decanted from the creatine^ and reuiore tlie 
volatile acids by evaporation of the fluid from which the sulphate 
of baryta bo:* been 5tf[>aratcd by filtration, this sugar, together with 
sulphate of putash, eryutalLi^ca from the remaining acid duid on the 
f^dual addition of strong alcof^oh The crystals of inosite may be 
readily picked out and stparaled from itiose of sulph:vte of poloMh 
after the niuther-liquid has bi^eik removed hy prcfitture, or the 

■ CoDipt, rraU. T, IM, r> ^^■ 

t Ana. d, Ch. \i. Plini-m. BA. 7'S, S. 323. 



'^ i^v.'v.' tv^ V :irftii!ir diSroted by boiltrig water, in whLh 
.^/, > ^- .\ -^ . , \\' ihtiu »iijphji£V of potash. Inosite may iIm 
*, ^^\i^-.vy. -.".'^i'^: :_: 7r S.<fi*;Kr« without prcviou» distillft^OTlf if 
%c >i ;,i.cv ^...rlctfiTC *n L-huric acid to throw down llie 

< - ^ . *«. *«.-* 'u* 0^1 i^rv shaking the soiution with ether, UU 
X ^^.r-. *«A.> li-^ w. 'ru."^c^ii^ th« iuo»tte appears in beautiful 

' -, ', A-'. 1-* ^l^ u"t;'T 4 vifry characteristic reaction fbc 

^,: '* % ' f-. ^ jt«->:ic-ii*ht?d from any other kind t»f 

^ -^ -'--^^v I" ■'** ivm^nxe a solution of inoshe,ur 

- '. '■ ' -.-^ '^ \.: sa^.?sdJ'c^> ;il3HMt to dryness on pUtinfliu 

'^, ■^^./.,i- 1 ci J *.'M^tc:x of ammonia and a little 

'■, ,' ' -^ -d.-\-^-'.y iva-,*onire todryncssja vivid 

^ ' > .■ .\... \ --: iJ u-v* x;* :o rnx^^Lise even 1-jOi!i 

' *.- '"^T '^ -, ■,.- :as vt;Ttfr^L* >«:i only found in the 
,■»* . ,1.- Si . .: ' ^lI^t: --r \-i:-\ for it in the fluJJ 

■ -■- ^" --i A':-,- 

: '-'. — ' '- . 'm ■ : <u.7:.' ".'^*i:^t* Itself a* a slistenins 

■.1 VT —^s/.L ;*rev":';;a^eil is translu- 

^ . .^ ..:" 'vry iv_-.er. .Appearai:oe: tl i* 

^ * .. , , il:ls, ." -s "■:;'>:rivtfr;oii into sugur 

. ■ . . ^ . i* . ;r : j:^:*^^*^ ; j^;J it is oiilv ^'V 

., * . '■ '^ ; ,'r~.i::.i;r.c j-:;d iv",iC :i yield:* i» 

*. ■- ■ V. ^ -^.. .\ ■'» ■*,_ T 'vjr^/ :■ Av^ :: U cvnvtrtw 

--- 'v , .-. 1 ■ .. : > *i ._■[*; "" -^ .;'(;r, but not in 

..-^\ ■ 1 ■ ■ -- ^ ..its ^*^ *u.r.-.* w::h an oJ».iLif 

■ -^H. .*' ... '^ , . ' :. . ' i.'.^ -^ r*cl*:^<: i~ ic;ai .'nia, bu! 

-^"^ \^ .^ ' .-.i>.', - ijL 1 ; \:r ; r:ay re aj:*;:^. tl ?';» '' 
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after being Irectl us much as possible from othur ii^fuaoria, uere 
first LrealeJ wkli etlier and spiril, anil tlicn *^it^i a boiling mixture 
of spirit aiid hydrocliloric acid in order to remove tlie<?olt>ur; the 
residue was fiiixed with ^vatcr aiiJ throwr upcin u cotton Alter 
whicli fllluwed the granules of paramyloji to pass, hut reUiined tlie 
inveanng memljmrje.s uf tikt uninmls. Tliu hub^[arkL« wiis puniieJ 
by solution in |iot&&b-]ej, and precipitation with hydrochloric add. 

Propertip». — In it-S purest slate this anljsiance forms & a[jongy 
i»as^ inaolubk in all neutral rneitstrua, but very aligbtly soluble in 
alkaline solutions ; it is convertible into dcstrin both by Bulpliuric 
aeid aiLtl by diastase. 

If rt'lliilose bt» trfaied with a mlsiure of four partH of coni«n- 
trsted sulphuric aeid and one i^art of wnter, it swells ou triturutioit 
into a clear jelly ivhltli at first ia stitFbut gradunlly becomes quite 
6uid ; on the addition of water or alcohol there is a deposition of 
whil« flakes which an* insoluble in hot water, aleohoi, and ether, 
Tjut possess the remarkable property of being coloured blue by 
iodine like atori:h; they differ, however, essentially from Ktarcb in 
tbi» respeetr that the iodine may be washed out with wntcrsnd the 
blue colour destroyed, which fs r^it the ca^^e with starch. This pro* 
duct of the lite tamorpho^id of cellulose hashcnee been n&mctl amy- 
lo'id ; its com position has been found to correspond with ti»e formula, 
C^ "tL ^41' Tltis substance is readily M>]uble in sulphuric aeid^ 
froiTi which it may lie again precipitated unchanged by water; it 
di>aolves in stronj" nitric acid, w^ithout any development of gas ; but 
on boilm^ therein a furniJiUon ijf oxalic acid ; it only dissolves with 
difficulty in hydrochloric acid, from which it is not precipitated by 
animonia; moreover, ammonin does not dissolve it. It rweIIs in a 
strong solution of potnshj and dissolves on ihe addition of water, 
from which it may be again thrown down by acetic acid. By 
the prolonged action of alkalies, cellulose is converted into & auli- 
sEance to wliich iodine communicdtes a dark violet, or almost black 
colour. Rotten potaUies contain a ferment which dinsolves and 
destroys the cellulose, but in no way affects U^e starch. 

The formation ofthi* substance, and its reaction towards iodine, 
have t*een employed for the recogiiilion of cellulose- 

If, fur instance, vej-etahlc tissues, consisting of cellulose, be 
iiioi^tencJ with sulpliuric ncid and tincture of iodine, they asHUioe 
a beautiful blue rolourt which, however* f>raJually disapix^arson 
the atldilLou of wattir- Moreover, chloride of liuc converts cellu- 
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first into a matter m-Mch is polonrcd Klup liy iodine, then iiitu 
su^r, M\d la&Uy into & humua-likc Aubst&ucc. 

ComjMffitioii. — AccorUiiig to Mulder, the co m portion of l!m 

sub Ulicc is rejjrcsfntcd by Uic formula Cj^Uj^iO,, ; but accorJin^ 
to tlie mure recent observations of MiTscherlich,'* it is perfdctl; 
uoineni? vh\i sUrdi. 

Orcithvnrr^ — Allusion lins already been made to lU occurrence 
hi certain of the lo^^'er animals. We can obtain celliiloMr in iU 
purest form fmm the pilU or young roots of the eiJer by treating 
thetQ witb various iut]iffi!rent, as well &s add nnd alkaline solu- 
tions, in ordiT to remove any adhering aoluble iDattcr. SvedUh 
filtering p[\per is pore cellulose. 



(32) Addititin lo p, 314, line 10, — The bilifnlvin of Vircbow 
must not he confounded with the Ulifulvin of DerzcUua ; tlie former 
secma to be ~i(IenticaIwiththeAfe'nn/c/i<ft;iaUodiscoveredby VirchQW. 
Virchowt found htematofdm cnnslanlly present in the extr&vasited 
blood consequent en the bursting of a Graafian vesicle in nren- 
struntion or conception, and he often noticed it in old extniTsaa* 
tions of blood in the brain, in o]>lJtcrated veins, in hccEiiorrhr^ic in- 
farotna of the spleen, in subcntaneoua sngilUrions,ari<i in abseesws 
in the e?ctrernilies. It Bppeius from Virdiow's invc'tiga tions, that 
tbe^e crystals Are formed in from 1* to 20 days after the extrftri:&* 
ation h&ti occurred- 

Hrematoitfin oeours in an amorphous condition in granules^ 
globules, and jagged masses, as ^vell as in perfect crystals lielongin 
to the monoclinic system. Tliese crystals are ulilique rbotnbi 
priama, not unliVc cryatols of gypsum : tJicy often, however, 
CLS nearly perfect rhombohcdm yF. P»G, F.:l) ; tfiey are strong 
refractive and transparent, of a yellowish red^ red, or mby-reH 
colour; they are insoluble in water, alcohol, ether, acetic «ciJ 
dilute mineral acida and alkalies. I have on several occasion) i 
the sjtialler snd lighter-coloured crystals dissolve in alcohol con 
tainir>g sulphuric acid or ammonia, and Again precipitated by 
ammonia ; ihisj however, is not alwavs the case, Virchow 
haj* accuraUdy studiLd tlie Ijobavinur of this body nith con 
ccutrated alkabcs and mineral ncidsi these reug;eut3, hovrcvcrj 
do not soem to act uniforEiily on all specimens of b«mat 
din; on the jiddition of hydrated pottisb the pigment u^uall 
asauint^s a glowing red tint, the mass gradually bepaniling iin 
breaking up into red granules, which ab>wly dissolve; ihc snbstan 

■ Bpr.rl. Ak»a.d. Wi»-*ii Lirlm, laoo, S, lOMIl. 
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is, however, notnPiiiii prcci|3ilated by ihc nentrn-lisatiou of the alkali. 
If wc allow concentrate J mniorivl aoiJa (aulphurit ndil tor instance) 
to &ct un bjJBinatoidm, the clear cullincs of the cry&talb disajipear, 
»nd Uie colour of ill e ruundisli fragments passes first into a brown ish 
red, ibcii into a greeu, n blue, and a [jurplt lint,uinl finiiUy merges 
into a cnudd^ yellopr. Iron tnay occuMonaJly^ but by ro mcmia 
invariably, be found in tbe acid fluid tbat ia fomied during the 
decomposition of luEmatuVdin. 

Vircbow* subsequently discovered peculiar redJisb-yellow, 
elongated crystals, whicb were either ncicular or armni^cd in ai^- 
xsLg rows or bars in the bile of persons ^vho bad suffered from 
eancer of tlie liver cr retention of tbo bile consequent on calnrrb 
of the gall-bladder; tliese crystals ruLi^^ed from 0(J5 to 00 10" iu 
length, while the breadth Hcorcely admitted of meuurcment 
(F. P. fi, F, 2 and 4), Tbey dissolve readily in caustic potasli, 
but are not again precipitated by the addition of acids. Acetic 
atndhasno clTect upon thecTyataU; concentrated sulphuric add 
makes llicm assume a somewliat dftrkor colour, and gradudly 
destroys tliem ^ moderately dilute nitric acid exerts bttio action on 
them. Besides these zig-zag erystalsj to whicb (os has been 
Already mentioned) Vircliow as^i^ned the name of "biljfulvin,'* be 
aomctimcfl also found erj'atala which were perfectly similar to lliase 
of httjnatoidin botb in form and colour. While Virchow has 
repeatedly pointed uut tlie great similarity which exiiits between 
this bilifulvin and heomato'i'din, Dr, Zenkert (of Drciiden) 
hft» recently discovered tbat if these substances ere not 
identical, there is at alt eveat^j the closest relationship between 
them, since lie has proved tluit the biliFulvin may be very readily 
Couverted ijito hKinatoidin. For if ve allow bile containing Inli- 
fulvin to stand for a lon^ time {several Wfcks) in contact with 
ether, the ziR-aaj; crystali* of bilifulvJTi disapjKnr, and in their 
phice we have cr3-stals of hn>ra,-it*ridin (some of which are of very 
considerable siKe)> which in their fornij colour, and mivrO'Chefiiical 
rtaftiarif are precisely similar to the crystab of li*cmati.A'din fkjrnie<l 
within the body- Fonket h*i5 arrived at the aaoie result simul- 
taneously with, but irde|K'ndently of^ Zenker- He allowed some 
bile eoutijinin^ bilifulvin Lo diy; on iv^^wn Luoislenin^ it, he found 
that tlie zig-Bog crj-atals were rtpiaccd by li^lit red crystals of 
hwniatoVdin. By a serieG of careful investigations Zenker haa 
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iUtalic». As to wbftt actually tvkes p1ftC« in coagulation in thoie 
cases in which albumixioua substances, under the influence tA * 
high temperature, lose many of their other properties aiaul- 
tvicously wUh thetr solubHity, ve are perfectly ignorant, iikl 
Fknam's experimrnta have thruTn no light on this point* 

(35' Adt^tion to p. 33£?, line 17 from bottom. — Pbnum hit 
klso made some very interesting expenmenta on this point (tbe 
effect of acids on albumen^ from which it appears that aJhutainoQi 
matters nndergo essential changes even by acetic and ordimrj 
phosphoric acids, so that it is not improbable that these acidi, 
acting catalytically, may decompose the albumen into tvo new 
bodies. It does not appear from Panum's experiments that these 
acidi enter into a definite combination with the albumen. One uf 
the budiea amins from tbe action of acetic or phosphoric add, 
jameW aeiJ nibumeity ii distinguished from the original albumen 
by its insolubility in concentrated solutions of neutral salts of the 
alkalies, and by its solubility in water. 

(36) Addition to p. 334, line 20. — On passing a current of car- 
bonic acid through a solution of an albuminous body, as, for 
instaTice, through the serum of the blood, white of egg dissohed 
in water, or a solution of tbe crystalline lens, a greater or lesser 
portion of the albuminous matter is always sepanited, 

Panum regards this substance as casein, but milk-casein possesses 
this property in only the slightest degree. Melsens has aiade this 
obserration on tlie white of egg, and, on instituting a microscopic 
investigation in union with Gluge, observed membranous matters, 
and hetice he gave to this substance the name of " ti^su cellulure 
artificiel.'* I have treated all tbe known protein- bodies with 
carbonic acid, but never found that the precipitate, when examined 
under the microscope, presented any peculiarity ; it certainly 
never had the slightest resemblance to any oi^nic substance or lo 
connective tissue. Moreover, Harting* has been at the pains of 
exposing the error into which Gluge and Melsens have feUen. 

(37) Addition to p, 335, last line, — Products of the meiamorpkosU 
of albttmen. The idea has long been entertained that the best 
method of deducing a formula for the composition of the protein- 
bodies, is from the study of their products of decomposition, and 
this view has given rise to that series of splendid investigations 
which have emanated frouk the laboratories uf Licbig and of 

' XclI^tL Iadci^L Bcpt. 1861. 
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the blood c»f caniivorotia animals which cryslaUiscs in prisms, while 
the corresponding i^ub^tance \i\ llie blood oT guiiie&'pigfi aiid toXb 
cwysUiM'ises In tftr:thedra. Tliif obviously points Qt combinatioirs 
v( an analogous kind, m wltlcb ouly one dilTcrent i:i>nhtLl.ue:Lt has 
entercJ, whidi, liDwever. is tho cause of the difference in ibc 
CTyst£]liii'! form of the otherwiitc perfectly i^mlo^ous body. Thus^ 
for instance, according To Ruphleder's hypotliesis, one of these 
boJif» nii^hl contaiji nicthylaiulne and the otiier clhylairiioe, hi 
conihiuatiun with ilic sonic group of atoms. Wc n re, however, 
still deficient in the data whtcfi arc requisite for the furtticr 
elaboration of sueh an hypothesis, partly because the protein- 
hod it^s liavc as yet been litlle iiivcsti^atttl in relation to these 
viewa. and partly because their dtiompositiona, in so tar as they 
are yet kiionrir do not enable ua to arrive ftt any delinite con- 
clusions on these points. 



(34.) Addition to p. 332, line 0. — ^Pmium* haa contributt^d 
many impnrtant fads to our knowledge of tlie albuminous bodies 
and of their various reJietions, and he haft done mueh to rarrect our 
views regarding the coagulation of alburiieiL and of aiuLilar niatti^ra 
by heati lie has especially sbovvn, by numeroufi and Tery careful 
espcrimentsj the influence exerted by the presence of aalta or 
smail quantities of acids on the fieparution of the proteindiodiea 
at high tem|>ernturea. lie found, for instance, that as a general 
rule, tlie temperature at wliicli precipitation tukes place is low in 
l>rop[*rtion to the amount of salt that has been added, and that the 
quantity of acid which is rcrjuisite to produce a pennaneTit precipi- 
tation at tlje same temperature, in inversely proportional to the 
quiiiitity of salt that ha^'^ been added to the solution of iLlhumcn- 
Panuoi thinks that he is justilied, from these and similar experi- 
ments, in considering all our previous ideas of coagulation as " con- 
fused ;" hut this euiu^Iusioii h most dislintlly to he drawn from his 
experiments, namely, that we must very carefully distinifuiah 
prccij>Ltated albumen from eoa;;iilated albuinen. It appears, from 
my observations, that alcohol act? in relation to the precipitatioii 
and (Tonj^lation of allmminous matters in the same manner as the 
salts in Paaum^tk experiments. By the gradual addition of alcohol 
wc cnn depress the coagulating point of the fluid atup by step, 
till we urrire at a point where the albuminous snhi^taree is pre- 
mpilatedr ulthr>ngh not eoaguhited ; and then, if not soluble in 
water* it btiU dissolves in solutions of the neutral salts of tlio 

• Arch. T. i*ili. Anat. lid. 4.S, I?- 
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I>a»ic arclAtne of lcft<). ai^cL Ummc ncid. Uirow tltjwn abum 

prccipitntcG. 

Mflafbtimen U (ho name nj^pltetl by Scberer* to -inothcr 
siflnw which he found in a ciropsiral fluid- Like the prcccJii 
ftuhstiLTicc, it ia aIso prccTpiUble from its watefy aolutJon by 
iLkubtil, irnd ia asjoin solubk* in water; it is, however, n of pre- 
tipitiibie by Hcetic acid or fetTOfyfiiude of jiota^fium : njoreover. 
on boiling tbe solution after tbe addition of acetic ocidj thf^rc is a 
mere tiubidity and no precipiUvtc. ^^ 

SimilAr substanc^es bnve also been found in the uiine in niorb^H 
states, espodnlly in Bright's disease, Bnd have received Tarions 
names. 

Mialhe and PrcsBatt believe that they have succeeded in 
Ironng albumen ihroui^h certain successive metflmorphosios ; jbey 
do iiot, bowever, base their views on satisfactoTy r!iemiciveic|TeH- 
mental evide]icre< According to tbem, num^at physioUjijical aif/jtmm 
eclats in ibe fluids in n molecular &tate. mid lieiivi?. not bcia^ 
actually dissolv^dj is not amenable to tlie laws of ondasinofii^ ; it 
isj moreover, cliaracte riser 1 by its coagiilaiiility hy heal and by 
insolubility of tbe precipitate produced hy nitric add In an csi 
of the acid. Ita first stage of mctnmorphotis is repfcatnted 
Ihc /imiirp/iou9 caitein-Hkc' aiffiimen which is produced by tbe aciw 
of the gastric jnire ; this i^ endosmctia, but not assimilable, and 
imperfectly precipitated by heal and nitric acid; the precipit 
induced by the latter is soluble in an excess of the aci<L Th< 
apply the term nilmminone to the cndosmotic and assimtl*l 
Aubstanee which is finally produeeil hy the action of the 
juice or the albumen. Miplbet mnintains (vithout any ndditioni 
evidence) that the uubatance precipitable hy alcohol but 
soluble in water, which Verdeil and Dollfuss^ found in the normal 
hlood of the ox and c;dled albumen, is identical with ibis albn- 
niinoac. Mialhe|| has, however, tJie merit, notwithstanding many 
errorsj of being the tirst cloaoly to study the changes which the 
albuminous matters undergo during ppstric digestion. 

The add alhiimtn of Panum wliicli has been already mentioned 
in p. 47c, appears, from hi» sttbsequent and more carefully ojti- 
ducted experiments, to be likewise a product oF the mcCamot^ 
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pilosis or cleat^e of ihfr proteui-Iitifly' iindpr the itction ijf adds. 
This aufjatuncc, wliich has also been examined, attljough leas 
accurately, by MeUeits, is farmed iu>t oiilv from the albiiineii t>f 
the blood nnd of wliile of egg, liut also from fibrin and other 
protein-bodies ; tLu«, for Jnstane^^ I have seen It obtBiTieil from 
the cnrstniliMible protein -substances, Aecording^ to Panum, tlie 
body precipitated hy ncetic ncid from the Eilbumiiious solutions 
fiaiurated with salt possesses the following properties: when 
fre^Tily [jreeipitateil it forms white flakes, which again dissolvR 
Tcry freely in pure water; tbey soon, however^ lo^e this BoluLiUty 
on being dried, and espcciFdly on being exposed to the air, and 
likewise on being heated in saline *aolntions ; on the other hand, 
tlieir solufim^ in water free from salt is not rendered lurbid by the 
application of heat. We must here notice the rcm.irkahle tircum- 
stance, that when a comparatively large quantity of salt is in 
solution with the substance, a comparatively slight heal is required 
for the separation of tlie latter, and, eonvcreely» that when less salt 
is present, a higher temperature is requisite to effect the pre- 
cipitation. This substance does not exhibit an altoi^ther uniform 
behaviour towards alcohol or towards metallic salla. Pani:m*a 
analyses of this body shew that Tieit)ier the acid which is added, 
nor the salt, exists in it in a state of chemical combination. Sul' 
phur B-wii pliospliorus occur in far less quantity than in Ihe orifjinal 
albumen, 

Laskowski* obtained from albumen, and likcffise fmni hbrin 
and caaein, on treating them with a dilute bolutioti of potash and 
afterwards with acetic acid, a prodtict which closely rei^emliled 
these suhstfijieesj except that it was soluble in alcohoh 

(39) Addition to p, 340, II lines from Ijottom,— Becqiicrcl 
haa recently employed nn optical apparatus for the quantitative 
determination of the alliunien in urjimnl lluids, having availed 
himself of the discovery made by Bij>t and Bouchardat, th;it a ray 
of poUri&ed light is deflected by albumen Ju (he same manner as 
by sugar. The plane of potarisation of the light is turned towards 
the left j according to Deequercl, the degree of thia deviation Ib 
projKirtional to the quantity of albumen that is present: the 
rotary povier is 37° -^C; each minute corresponds to 0180 of a 
granime, and eacli degree to 10"900 grammes- It would appear 
from certain countor-eKperimenta made by Becqucrel, that this 
method is %"ery trustworthy. 

* AsQ^ il. Cli- M. Phirm. Bd. M, &, LAO. 
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^V (-10) AdHilJon Ui p. 349. line 21.— Daring lJ>c lft»t few yotat 

^f hia been tc[>oated1^ mainUiiicd, that lihnn dofrs rot congalato il 
^' UliMcb. but in ]}k[i\v\{k. We inav iwlily ronvinrr tmrsHve** of t^ 

^^- avcuTttcy of th»^ desrrijjlian giveii in liie text, if wc wHl lake th( 
^H troulile tu use in tlic citperiment mflantmato.r hlood, in which the 
^H p«i corpuack-s sink mpidly *nd the fibrin ooa^iiUles slowlf, 
^B Fank« hna shewn in his Atlas (P, 19, F. 2} the coagulatinn uf tl 
libHn from a fresJi ilrap of bltiod, accnrdiiig tu E. U- Weli 
iii«llu>d; but here, on the one ban J, the red corpuacles dtsturh 
accumcv of Uie obs^rvstiiMi, und. on the otJier hand, lae mi;;] 
fcgin] the congulation rif the fibrin &s the fieparation of a 
liimtnatod inM3a which readily forius plaits or firUU on which the 

I*' tihnllibted appcarannr dcpcntla. T}ie off-shooting of individual 
L ihr^ds ffoni th« molecular ^raniil^s which first become apf>arcrit, 
I the projeoiirin of these threads, and their gradunl angmcnTation in J 
I various diirMtimis, can only be seen in blnod with a bufFy cmt^J 
I 1 am, however, unnblc to decide whether, ot tlie final acpomtion" 
W of ntl the fihrirtf these fiUmeuta sub^t^quentW intrrea^ie in two 
dimeniion«, tlmt is to sar, both increase in thiekness and heeome 
converted into kmclla? or solid masses ; if we observe dritil 1)IihmI, 
after the addition of water, with the microscope (bs, for instance, 
tie tUtu section presented by a fimall s^xit of biood, &ueh ob 1$ 
often i^resenled to us iu nied tee -legal investigations), we see ihit 
CTcrything disstklves or disapjie-ors except the so-oilled Ivmjih- 
ccrpu»dcs and the fibrin; under these cireumstancea, in cooAC' 
queneo,doubtlc5», of the thinness of the section, the dbriii certainljr 
appears in the form of pure lomeUie, in whieh only a few distindi] 
dupliratures are visible. 

(41) Addition to p, .158^ line 9. — I' could not find a trace 
fibrin in the blood of the hepatic veins of the horse, while ll 
portal blood was always tolerably rich in that conatitueiiUl 
Funke,t in bis examination of the blood of the splenic vein, cnlj< 
found a Utile 5brin in a few coses. 



(42) Addition to p. 359, line ?0^ — St/tloniH ia the name I 

proposed for the Kubataiire which Liebig^ who vias the first 
describe it accuretcly* has termed mttactr-fibrin. The following ITb] 
its leading properties. When moist, it forms on the filter »i 

* Ber. der G«. *J. Vi'isB. en Lolpzfg;. \hS0, S. 13&. 
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somen^liat claslic, snow-wliile hi&gs^ wliiiiJi may be 
detached from the filter in pUtca or mcrnbraiics ; Ijy citenwon 
antJ careful teasiii;;^ thcbc doLicnte pljttes may be made to as^iumc a 
fibrous 3]>p€araMce under tbe microscope, riot unlike that of tha 
blood -fib rill. The fiulistance, when still moist, dissolves very 
rCftdkly ill time-water &.s well &s m dilute aolutiotis of the alkalies ; 
it coagulfttea from the solution in lime -writer on boiling, in the 
same manner as albumen; it is precipitated both from this cnrl 
from rhe ttlkaline soliitioiia hy conceiitrh.ted solutions of the 
neutrul &ults of iiutoali and soda; the mass su-ella in a moderately 
GOncentmted aulution of carbonate of potash, becomes gelatinous 
and diralv transparent, but does not dissolve ; it is only rifter very 
coiisidemble dilution that even a porrion of the substance under- 
goes solution. If to ihe Etlkiilijie solutions of this substancii we 
add chloride of calcium or sulphate of magnesia, wc obtain no 
precipitate, unless we boil the mixture; if, however^ we have 
previously boiled the alkaline sohiticn (which ;it most only 
induces a slight turbidity), the solutions of tliti above-mentioned 
•^ta then at oucg induce ii Rocculeiit precipitate. Nitric acid 
throws down a wliite flocculent precipitate from the ulkabne 
solutions of synloniii ; chromic acid, or acid chromiLte of potash 
and hydrochloric acid, throws down this substance in flakes both 
from alkaline and from acid solutions; pure liydrocMoric acid, 
even nhen added to e?cces5f only renders the alkaline fluid 
opalescent* 1 was unable to dissolve uncoagulated syntonin in 
nitre-water (consisting of 6 parts of KO. NO^ lo 100 parts of 
water), even after five days' dii^'cstion at :J0^. 

With regard to its cotnpoelthu, Strceker* has found in this 
substance r4J| of ash (from hena' tlesh), 34"4G;; of carbon (from 
heef) and 53*6?^ of carbon (from matton)^ 7'^7% of hydrogen, 
15-S4g of nitrogen (from beef) and I'>'i2f3^ of nitroijen (from 
muttfm), and from 1"03 to 1'21^ of sulphur. This substance is 
tlierefore safBciently distinct in its composition from blood-fihrin. 
r^ty analyses of the smooth muscles of tlie stoinacli of the pig, and 
of the middle arterial coat of the ox, agree bjleriibly clo*iely with 
the analyses of Strecker. Waltherf found rather more sulphur, 
lutfoelyj I'GJ. 

Tbe p'eporaiion of this substanee is best effected in tbe follow- 
ing manner. We take flesh as free as possible from fat, mince it 
finely^ repeatedly stir it with water, nnd preas it till the fluid which 
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comes off rni lonj;cr has ixn ncu] reaftinn at become* lufl 
boiling. T\ie muss of fle^iJi, wlitrh l»as hpen thns wo^li^d oO^ 
tJien fitirred wilh waler lo wbirli 1-lOOCtli of hydrochlorit at' 
lina been luJdcd. Tlie ^hrc-aubstcncc of tbc mu«c1ea dlsaol 
xcry rcndity in this fluid. On the iicutrslisiiticii of \i& acid* 
filtered fluid aC first only yields a turbid j^Uy, so that ihc wbol^ 
fluid either vibrnU-s like frG^My »u)idil]ed ^lue, nr presents a vi 
^emi-liquid coiidltiLiii ; the jelly grndufJIy condense, niiO tb 
fiink to die buttunj nliilc* partially iranslueetit flukeH, ^hich mint 
be most carefully washed. 

Wiih regard to the iests for thifl subslsnceT uc may obserre, 
tliat notwitlistanditi^ its mnny points ot resemblance toaUhumeniind 
blood- dbrin, it diflVrs fn)m lliem so essentially in some of its pro- 
perties, that tn error of dint^o^n in this direction U hardly p 
bable. Us bi-h»\-i:iur toivnrds wuter cuntuiniiig bydmebTor&e 
(in wl]ii.'h ]>hiOLL-fibnn docs nut dis^ulve, but tinly >tn'ella), an 
towards nitrc-wnter and corbonatc of poUsh wili prevei>l it fro 
being eoTjfomided u'ilh hlood-fihrin ; while its prceipitahility fro 
a1L;jt1ine sokitLOEis by tlie L'blorides of pDtas^iani and sodium, or 
otlier stklts (»f the alkulieB, suffieieiitly disting^uiHhes it frortordin* 
albuajcn* 

The occurrence of this body, as the most essential eonatiluen 
of the fibnilie of the tninsi-ersely sboped njiiseles, was first reco 
tiized by Liebig. 1 haTe found it not only m the ordinary emoo 
(uiititriped) niuselev of the stomach, the intestinal cnnft!, and t 
urinary bladder^ but aleo in almost all the contractile tbsjt^l 
wliieh Kolliker has deleeted tlie so-ealled contractile fibrc-ccUs, 
for instance, in the middle arterial cnat, &nd in the BpIeeD. 

We are unabietoform any definite opinion regarding the 
of the syntonin from the alhuniinoua matters of the food, or 
the albumen or fibrin of the blood, until wc pofifiefs more di^^o 
knowledge respecting the ehemistry of the protetn-bodiea. 

The uses of this aubstaiice are ^ufficiently obvious fn:im the 
parts in which it occurs ; it is the main constitvieni, and the jvmt 
essential substratum of all the contractile tissues. Wc arc, hov' 
ever, as yet unable to decide as to the esient to which it ia more 
capable of coutributLng to vital contractility than the other protein* 
iiodics- 



(43) Addition to p. .^85, Mne IJ from bottom. — From a com- 
paratively early epoch h\ animal cliemisiry attempts have heen 
made to recognise casein in the blood ; but none of tbeni were dis- 
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linctly successful- Kocently, hr>wcvcr, very careful iiivcstigotiona 
have lieen made by fieveral different persons, as for insUnce, hy 
Guillol and LeblHitc,*" Paiiumj-f wnd Molesch(3tt,J wlndi demon- 
*ttale tlie cxiatcnce of a subsUcjce in llie serum widcli appears to 
be (JiPcrcnt from Lbc ordinary nil>unien, end wliich ihey liold to 
be identical willi casein, Wlietlier tlih substance u to bo regarded 
fis perfectly identical with ortliiiary albumen (as Soberer and I 
hold), tbe difference in its proirtrdes depending oidy on certain 
admixtures or incidental reluti*>na, ia a point that poaailily may 
never be decided ; tfiis much, bovever, is certain, tli at although the 
preaencE of casein In tbe blood is h priari in tbe bigbest degree 
i^rubablc (ill couse(|uem:e of its orourrence in othi-r fluids), yet tbe 
identity of this constituent of tbe blood witb tbe casein of tbe milk 
is by no means definitely established* Such questtun:^ (is these can, 
wever, never be thorongldy decided until ive are better Bcqiiaioteil 
nendiy uilli ibe cbiimical ronstitulion uF tlie proii^iJi-botiies, 

(Juillot and Leblanc have obtained tJicii^ caaeia by the addition 
of a fe^v drops of aeetic acid to blood-aeruni after tbe removal of 
its albumen by bent; and they matncain that Uiey found in the 
lirt*cipitate all tbe cbaracters of cusein ; i.beydo not, however, stale 
what theae |>roperties arc. Anything like a doubt aa to whether the 
ftubstance precipitated by acetic acid was casein or clbuuicn, or 
some other spedal substance^ seems never to have occurred to these 
investi^tors. 

The quantity of this substance precipltable by acetic acid n^s, 
accordin* to their ohscrvationa, dilferent in different animals, and 
varies with the ses, food, bodilv conditions, &c. It nas especially 
ftbundant in the hlcii>d shortly before delivery, and during tbe pro* 
cess of lactation, tbe actual maximuin oeeurring soon after dohvery. 
la many pathological conditions thia aub»f:ince cntirelv disappeared 
from the blood- 

The substance precipitable by acetic ncid occnrSj according to 
Slas,$ in very large quantity in tbe sieruni from the blood uf tbe 
un^bilical cord and Ibe placenta. 

Piinum considers that the precipitate montioned in p. 333, 
vrhich is obtained by the dilution of tbe blood, especmlly after tbe 
ndditioii of a little acetic acid, and wbieb Stherer regards as albu- 
men poor in salts and free from an alkali. \s c-aseiiij and he 

* Cornpt-rend. T,3J,p.J}Ra. 
■f Arch, f pnlJicjl Annl. IW. », S. 301-272 
t Arcli. f.[.hyBii>L IK-itk, iJd, II^S. |M 111. 
^ Cflinpi. rwnd. T, ;il. ii. «». 
^ 1 1'2 
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t^rma it f/ntm-fosein. On *Iryinj^, tJjw sulisfstire firii, lienmio 
tniT»*pBrcTit aiul viscid, then glialcning, bard, and tnugli, nsauming, 
AS Ponum strongly urges, o benutiful green colour, Sohcrcr»*uniiflr 
whose direction Panum conducted hja experiments, currw^lly 
remarks, tlial the difference.^ between this substanre and alhnmut 
depend more on t!ie nnlure of llifi fluids in which Uit-v wrur, tm 
tlie ucAVened action of the snits« the great qnsjitity of the witcr, 
nnd the extremely minute diaintegration of the sepnrated matter, 
than on mt csaential difference in the nature of this suhsrance » 
compared ttith ordinary iiilmioen, and that casein is jirecipi 
from concentrated, as well as from dilute solutions, -nliile this & 
Btftiirc is* otJs' |>rcci I dilated from \'ery dilute Rolulions by acetic aci 
Puiium remarks as charaL'teristii* uflhis suLstonce, that it is preci- 
pitated from its sohiUoii^ hy turhonie nvidi litis oli-tcrvation rt 
quile correcLj but it atands in direct opposition to the view, thai 
this TUibstance is idtntical with casein ; for oa f&r as my experience 
goes, the casein of milk is not precipitated l>y cnrbonic an 
although the globulin of the crystalline lens is almoat enti 
thrown down fron^ ita watery solution by carbonic acid. Mo 
over, this substance, which may nUo be recognised in small qunu- 
tity in the white of egg, presents a much closer resemblance Ui 
globulin than to the ordinary casein of milk. Panam has tJffO 
found more of this substance in the serum of woman's than in that 
at ruan*a blood (0'3*J) ; and it waa csi>ecially abuu Jant in the se 
of women abortly after delivery [from 0"9S to I'SSJ). 

Although Panum's esperiraents were very carefully mode, 
have led to the discovery of many new^ facts, yet the far 
numerous experiments of Moleacbott, who treated the scrum^after 
the removal of ihc albumen by salts and coEtgulation. with sulphate 
of magnesia and heat, seem to afford far stronger evidence in favour 
of the existence of casein in the^ blood. I will here repeat, that 
neither Scherer nor 1 have ever ventured tn deny, that in all pn>- 
bnbility casein exists in ihc blood ; but until its presence in thai 
fluid is actually proved,' we cannot recognise its esisttnce there. 
The discussion on this point ia^ however, little more than a var 
of words, for liow can we strictly identify a substance with casein 
when wc do not know what casein actually is, or rather believe 
that it ia a mixture of two or more substances ? 

M. S. SchuUzet has found a matter coagulable in ihe cold by 
acetic acid in the interstitial juice of tlie middle coat of theartcries^ 

* Jdiretber. d. g«, Me4. 1U£I,B. ?&, 
t Aaa.4. Cb u. Phanti, Dd.7l}&>3n- 
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&nd Moleschott* in that of t)i<^ connective tbsae, &nd of the liga* 

iiientuin iiudi«e; and 1 ha.\'C fotintl the same suliataiice In all cun-* 
tmctile tissues, which contain contraotUe filire-cella (amouth mua- 
culiir fibres)- 

Stazf found a similiir substruice id the fluid of the allatitois* 



(44) Arhlitlon to p. 3Sfi, hne 15. 

Tnt CuYSTALLlNfi ScDSTANCE OF THK BlDOD, 

Prviterfiet- — This stibstancc is distinguished from all other 
protfiri-l>udies by the readiness with whldi it prystnlllseH ; but this 
very property merely iadiciites ihiit Ave biive not liere to deal witJi 
a matter whieh ia perfectly idcniical for all claaaes of animals, how- 
ever e^ctraordiTiary may Ije the resemblance existing^ between its 
different mtxlifications ; the crystals of the blood occur prineijially 
in three formsj namely, in prisTns, letrahedniT and hexagonal tablets- 
The prismatic forms, whose true system of cryatalUsation haa not 
been lirmly establishtd notwitlistanding the attention which has 
been devoted to the aabject, are peculiar to human blood and to the 
lilood of moat mammals and fisiies ; the tetrnhedra are met with in 
some of the rodents^ aa for instance, in guinen-pigs, rats, and mice, 
while the hexagonal taldeta have hitherto been foond only in 
tqnirreU, These crystals contain water of crystalhsalionj but lose 
it with tolerable rajndify when exposed to the air; (hey do juit, how- 
ever, at once fall to powder, but oaly piirtially roiitract and hccume 
irregulnr, still retaining a tolerable amount of water, na they are 
<*3:tremely hygroscopic. They are devoid of smell and taste ; they 
are always red in eolour, ap[>earing of a peadi-blossom or purplish 
red tinge when seen nudcr the microscope; they are of a light 
cinnabar red when in maaaes, and of a yellowish brown colour 
when dried and pidverised- The solubility in water of the different 
forms of crj'stals is very different: thus 1 part of the tetrahedric 
crystals dissoltfea in GOO parts of water, while 1 part of the pris- 
matic erystals from the dog requires no more than 90 parts of water; 
the solubility of the hexagonal crystals ia nearly equally removed 
from these two e^stremes. They do not readily dissolve in water 
contaiinng spirit, and they ore insoluble in spirit of 85^ ; they are 
insoluble in ether, which is only capable of extracting some of Uie 
fat which remains mechanically mixed with the crystals. The 
flcpieous Huhitions exhi[nt a peach-hlossom colour in the case of 

* rij^iHol. d. Etiiffwechst^la. Krbii^;ca, lUl, S. 366. 
f H'jnnpl. rend. T. 31, |l, CJ30, 
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tli< toirnhHrit' crmals, and a dark poTnegrar»ntP-refi mlour in die 
CA5rnf tlio [trtKiJtEilLrrryKtiils ; llicsiilulJon of the tctmlicdnc LTfrtUli 
acptkratca into 4 browinsh coa^fura when Afj/rrf lo Git^ ; tb*t ot 
iiiC prisrnotic cryetals when heated to CX'^ qx (iS""- Smalt qafuituk'Jt 
(if fipiril jjnKluei' no nltcrntiori in the iiqueoua fiolultori, but when 1 
lurgtrr i|ii:nirj(y Uhfldrd^a ftiiCL'uk'Eit itrrripiUiTf! i*( furmed^ u IiirEt in 
;uiii soluble in water i a very lig'gc quantity »f spirit or nbsolulc 
;ohul prccipiititca the BubsTanee in clutSf which are insolubW in 
wflior. When n little spirit is mldt'd to the aqneons solulJoit, tln^ 
sub^fmtee roai^nlales B.t a Lower ti^mj^erature tliait in the pure vHtrrr 
soLuliijn. EtJier dues nnt produce any turbidity in the aqueous 
sQlution, 

Cold concentrated nifric nf^ renders the crywtaU dark anJ 
nlmosT hliLcrk. On lieing lienlfd, huwever^ thry liccitmc yellow tnil 
dissolve with tolerable rcadincas intn a yellow fluid, Tl>c aqucou* 
solution of the crystals yields a Irglit hruwnislj docculcnt precipiuir^ 
even when vrry much diluted, 

Ifydrochhrie and sutphunc acrdu dci not give rise to nnv pie- 
cipil*tes from the watery solution of the tctraliedric crptili, 
altlion;;h tbcy prcfipilaLc t)ic solution of the j^mmntic nrysbJs; 
tliis difference depends, howes'er. solely uptfn the different coneen- 
tmtinn of the solutions; forif the solution of the prismatic en-siais 
be diluled.aa for instance^ by I lie addition of frfor times its volijrne 
of wiiter^ no prcupitatci ttill be formed cither with hydrochloric or 
tsulphuric iieiU j but if, on the other haiid, from tour to nx tiai^H 
the volume of eoneentrated hydrochloric acid, or an equal voluiii^^ 
of Rnijlish sulphuric acid lie added lo a sohition of llie tetrnhedric 
erystalsr thi:^ substance will likewise be precipitated. ^U 

The crystalli8;Jdo substance iff easily soluhlt^ in acetic aci^^ 
which simply changes the colour of the red wntery solution into a 
hrouTii^h-yelJiiw. If we rientriilijit with arnniunia the Hoid wJiic^H 
has been :icidi£ed with aceiic acid, paJe brownish flakes arv steps'^ 
rated. Like other protein-bodies, the crystalline substiinev ijibv 
he preeipituicd frum the ncid solution hv yellt>w as well as by rrd 
prussiate of potash, ft 1ms also the further property in commot^j 
with theuir of being precipitated by neutral aikalirtc salts fmni tl|^| 
aeetic-acid aolotion) or l>y aeettc acid from the solution which hfl^^ 
been treated with such salts, lids precipitate whieh is thu» 
obtained, is T^oluble in water, and exbibits very ditferent properties 
from the original cryalallinc substance, a point to wbicli we shall 
revert atn future ]>age. 

The crystals are insoluble in a coneeutiated noSuinni t^f potanh , 
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they aro, however, very rcatlily itisaolved by u ililutc solution of 
poUiali fls well a4 by cau^ttf m/tmonin, wLtii they exhibit a browniBb- 
yellow colour; tbis subilance is jjrecipltaled from the alkalifie 
salution by acetic acid in the form of light brownlsli flakes, and 
this is tlie coae even when tbc fluid c\hihits only a fuint alkaJinc 
reaction- 

Chifjrine ga^ depoloriTies the soliitions almost instantaneously, 
and precipitates white flakes. 

An (tf/ueous solution of iodiue merely clmn^ca the red colour of 
tlio fluid into abrottniah-vi-ilow, 

Tlie salts of the alkalies and the aikafine earthft do not give rise 
to any precipitates. 

S'ifraie of sUvtr^ bichloride of ratrcurt/^ ptrchloridc of iron^ 
prtftttchtoride ftf tin, and nsutral and basic acetate of lead, do not 
yield the shgbte^t reactiori, end it is only wlien ammonia is added 
to the fluid, which lias been treuted wflh sails of lendj tliat n very 
voluminous and grumoue precipitate ia formed- 

Nitrate if pr&tQ.xide of nu^rcurti ^j\^ bichromate of ptf lath give 
rise to very oonsiderahle dirty-white precipitates. Miilon's lest- 
flijid yields the reaction peeuli^r to idl the |)iiftein-biulif*!, 

Safjfhate of copper Iciives the fluid at first perfectly unchanged, 
l>ut when it has stood for sometime, it deposits an abundant |3ule 
greejiish precipilale. 

A solution of pure crystals becomes gradually derorn/xjiifd oit 
exposure to the air, altliougli less rapidly than solutions which are 
mixed with other organic conatituetila of the blo^jd. The cryatala 
appear also to undergo a change when dried i/i vavuo, at all events 
tht^ir solution no longer presents the same bright red colour- 
The cry^tills liegin to decompose at a temperature of 16U^ or 170'^; 
At a hi*;hcr temperature they svi'ell considerably, and develope 
vapoure which smell like burnt horn, and become strcingly phos* 
pburescent on being kindled; the siLhstauee is moreover readily 
conAumetl, leaving merely a small quantity of ash. 

Alcohol renders the crystals insoluble in water, but it does not 
mnlerialiy atFect their shape — a remark which applies most forcibly 
to the tetrahedric form ; the only change which they undergo 
Wiiig that their surfaces no longer appear perfectly plane; they 
remain nearly the same when heated to 100°. The coagulated 
crystals observed by Ueicherl* in the uterus of n pregnant rabbit 
were no doubt similar In rliaracter to these, for it Is only the 
ti'ti-ulicdra which, when treated with alcohol, exhibit all the 

" M<il[ur'8 Art^h, 1S19. 1 
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vHuA be made U» ofwerrvtiMs, 11—, fag u nlB nc g, Lbey yvtAin 
dilvce vetic kuI, to ih»t tb«ir i&M&cttTv btc infreftsed Uinv v 
Ibtf^-loU ; liot thef morer ihttr lonncr n^Donc wbca vasAwd, « 
wbea the wad a oratnifiMd. TIxt Bnst, Ibereforc, be MONMhrT 
crjaUb, fanned frotn the co^nbdcn of tbe ori-inally sdvlxlt 
Cfyil^liMd Rib>tJinc«- 

V^mp^tvm. Tlie djscorcry of a cijitallisftble protcin-MV 
ttancc appeared it once to a&rd a new uteans for obtaining enofv 
■ecure pcnnti of topport for the ertat^ahtn eM of its tnte comti- 
totion; but hitherto ibc elementary analyi^s of this vubsiancc 
hare tiol funiishod tlte dc^aiird infurmation, — oti tlic one hand, 
because tlic mulCa obtainnl were too ncaiij ulmlicaJ «itii tLac< 
ftetded by the odkcr protHn^boctiea, and on the otber htwd, 
beraute no goarantee of the perfect pority of ibe cobstanee ooaU 
be obtained. We mast defer to a fiiture- po^ tbe cunud^aiion of 
the rratoiu wbicb lead ua to reject the vabditj of ihe result* of 
former elcmeiitary o-nalysesj and we %'ill here only obscrre^ Uut 
the membrane* of the coloured blood- corpuscles and the coloured 
lilood^celU peuetrate thmugli all filters and folloir the blood- 
cryatala. so that only a tolerably pure, and not an absotulelT imrr 
cryitalljnc substance, caii 1>e obtained. In the mean vhde* we 
ma^ at leait )iope to obtain a Eomcwhat more definite insi«;bt \h\tA 
the conMitDtion of tins ftul)siance through iLs products of decom- 
position than we can possibly hope to attain in the c&se of ihr 
otJicr proteTn-bodies. We Lave elrefidy mentioned iliat the dif- 
ferent forms of the crystals of certain kinds of blood elcarly shoir 
that the subHtances tre bare here to con^dcr are homologoui 
bodies, H'hose compiirative analyses promise to ^L^nrd at least snmf 
inrurmation regarding the constitution of these tnysteriuua sub- 
stances, 

[ have hitherto only analysed this substance from the blood of 
guinea-pigs, and hoiue I cannot Tpnture In found any enticluswci 
on Auch analyses; both letTBljedric crystals and tiie prismatic 
(those of (he doy) are very poor in ash-constiluonfs : 1 found that 
buth Icinda contained aliout tg of miiiersl subslance^j the princi- 
pal part of which con?iisted of oxide uf inin, vthicb freoiiently 
amounted to "2a of the ash ; nbout 2\% of the a&h was phosphoric 
acid, whib there wasj moreover, a little lime and potash. This 
suhstanee contKLiicd mucli less sulphur than is found in any other 
proti; i II - s Li bstai i cc. 

A» these crystals are always coloured, the question here sug- 
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gesta itsclfT whether a special pigment fwhosc product of mctrt- 
niorpfiosiH might he the well^kn^wn hraniatin, see p, '21*0) is here 
Jin^relv added to the trut* t^r^'s tall Sue s\ibsTnnae, imd either tTysuJ- 
lises n-jili thU SLibstance us an ibomcKplious body, or on\y colours 
it in the aamo manner as uric-ocid (."ryatals ure commonly coloured 
hy the colouring matter of llie urine, or whether we are hero con^ 
sidenn^ only fl single ferrtiginoiiq, erystallisable aiib^tance, of 
which hfcnintin conslilutes one uf the separated proJucta. I have 
not yet been able decisively to determine thi3 question, but 
several facts seem to me to afford the greater amount of proba- 
bility to the Latter of these Tietvg. 

ProducU o/it^ metamotphfinh. Tliese substances have nnL vi't 
been analysed with any -satis Fa^ctory amount of e^^actness; we will 
therefore aimply observe, that this protein-substance, preeiaely in 
the H!une manner aa albumenj after being treated with acetic acid 
and alkaline salts, yields a suhstanee which is aUn^elheT anfilogoits 
with Panuni*s acid aihumtn^ The aqueous solution of this sub- 
stance docs not exhibit the filii^htcst turbidity on boihntr, hut 
wheti a larger or smaller quantity of an alkaline salt is added to it, 
a precipitate will be formed at n lou'fr or hijjher temperature, pre- 
cisely the same as in the Cil^e of a^iid albumen, An excess of salt 
precipitates tliis substance, even at an ordinary temperature; 
hence we may obtain it entirely free from aeid, after repeated 
floiuMon in water and precipiiation by Knlrs- When ihe sohition 
cotitaimng an acid is neutralised hy potash or ammonia^ a con- 
siderable UoposiJc is formed, which dissolves in ammonia^ but is 
precipitated from it at a j^cnlle heat- Nitric and sulphuric acidij 
throw down eopioua precipitates from the aqueous solutiOM, 
hut hydruehhuic acid does not produce such (in ctTett, Pcrro- 
CYitiiide of pi:»tasaium occasions a considerable depoaite v ithout anv 
special addition of acid. Sulphate of ningiiesin, alum, sulphate of 
copper, chloride of iron, prolfichtoride of tin, and niiutral acetate 
of lead do not produi^e any precipiutcs even by boiling, hut 
precipitates arc thrown down by basic acetate of lead, idlnxLe 
of silver, bicJdoridc of mercury, and nitrate of protoxide of 
mercury, 

T am itiU en^rn^ed in the analyses of this subslanccj an nell as 
in the invealigation of t>ther products of decomposition of the 
cry»tal]iTic subfitance* 

Prepfir/jfhit. The crystaU of the bloody which may certainly 
have ]>een seen hy many earlier inve?-tigiLtorSj hut whleh were lipift 
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^laminalioii fjy birn Awl lit P. Kandc^t to vtwm wc o«« tfar ifc»- 
c-DT^ry fJ the ictr^icdnc orul the bftm y oti *! Uood-oTvCib; iW 
method they cmplored v&s, to ocvrer ■ mimrte <lrof> of hktod 9Ttk 
& glitu %Vtdc, tktid aftpr a «nMkU r|iiuititT rtf waUr, alcohol, or «4^ 
had licrn pourul U[Hm it, the whoW irj^ cxpoavd to ^lajMl 
eraponiticm, 1 hmrc novr a(irc«c<k^,t hj cBflcrcnt ia cthu d^ m 
exhibiiin;; than crystala on a large scale and «itli tuUvable t^uoA- 
neu, and in all rheae modei of iireparalion ll^ht srwl arnuiBpherie 
>nAiiciirc« rc^nnlttute tiie nio^t eucnli^) cottiJuiuiEra tuwarda Ac 
rajtid fomkbticfn of tUew crysUla, llic mcthtid of prrparalion 
frcfjurnrlr ic<|Liir<^« to be very considerahly loodificd in difierent 
Liiidi of btood. FunUe ha^ ihe^ititj in his careful exp«rimenti on 
Uie nitrJe uf rurnjatum of tirese crystala under a glass ftLide, that it 
!■ csKCutuitly iicci'asnry tlint the hlfHtd-cclls should ^nt bur^ 
Iwfore crynLnlttJsatioii ran bcgiii) and th« only av^Jable means tiit 
water, alruliiil, and etber, as has been fihotm by Funke and 
Kumlc, 'VUc cvn[]aruLiuM uliich occurs ifter tlje formalion of ihe 
crystfiU under a glu^ slide, is by no means m> important u it 
vr»n[(l nppcnfp sincf, for in3taifc>c,theblood (of guinea-pigs] may be 
diluTCfl wiili twice its volunne of Water, and yet the cryatab miy 
he iwrfi^cily »e]>Hralcd in tlie course of three- quarters of an 
jiflcr the enifTluymtnt of a proper method of treatment; in 
boluhk cnstEils, OB, (or instance, in (hose of the dog, it is n&x 
to farJlitate their separatiori by the addition of an adequate amouat 
of McoIjoU 

Teits. Although this «uhatance ditFers so essenliiillj; frnni all 
otticr protcin-bodics by its cnpacily for crystal I Unti tin, ita i 
difFereuL hcbavumr towards moclemlcly diluted hvdruehloric an 
i4ii1|ihuric ncids, tuwnrds nitrate of stiver, neutral and hosio acetata 
nf Icikfl^ biH»li7ri{Je of mercury, &lCj it is exlremdy tll'lieuU anJ 
Monictijiien even impossible to recognise it^ when it Is [rreseiit only 
in small ciunntitieH^ or when it is mixed with many other protein- 
ihfttnnces. Sinc^e olhcr protein- bodies or Iheir immedlnte prd- 
lct«orineta]norphi.»Mi»^hjLri' ui least in some of the properties whjrli 
nppertain to \t, its [jrcacnce in a mixture of protein -EubsCaiicesy. 
(jould not be regarded tta tboroughly proved, untd its cry^tala had 

* DisKtrl. IriJiUE. Li|». iRfil ; and Zviischr. f. mU Med. h. F, Bd. 1, ^ 

rni ifi-j^idl. '1, n. im-m, ». mti'^N-i. 

t Z.-il-Lbr, f, ml. M*U N. F. Ud. -2, a flJlSW* 

I Iku J» U» Hjdia. tJwiH dn Wiii. 1«0^, &. a3-Jfl, u. Iti-tn, 
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iRen obtained- But h it not proltulil^' llmt all th« protein-bodi^-Ji, 
or a subatancp se[iarar*^il from miiieinl matters am! cnmmon 
ta nil uf tliem, may cryjilallise ? But even wtien crystal* liH^e 
actualk been obtained from an allmminous fluid, It requires a very 
careful investi^tion to prove their identity with the crytilQllino 
substance of the blood, 

P/iyjihhi/ictil rplations. We have aUeatly remBrkwl in the preced- 
ing lunges, tfmt the cryatallmble substance of the hlood is limited 
to the coloured blood ■ corpuscles, as Furike hoa OHpociuily shown to 
be the cEJse. It woukl appear, liowover, from evpcrimeuls made 
on the subject, that it occurs iti all retUblooJed aniijjals, ahbouirh 
it may prericnt the vnTJous modifications which have already 
been noticed ; it ia also more readily obtained from certain kinds 
of blr>E^ than from others. ^ 

We must yet enter soiiiewhat more circumstantrallv into &e 
niude of prepunition of the civbtalhsable matter, fiince tliia suliject 
is one of importance, when conaiclcred in n^ferencc to many still 
doubtful points referring to the blood. The blood-erysials are 
formed from blood containing fibrin and serunij as well as from 
|]1ood which has been de|>rived of * jla fibriiif and possibly also 
from eruor freed from scrum, Under certain relatioiiSt ihcy arc 
formed so rapi Jly and in such ^eat qnantitiea, that they frequently 
appear where one would the least expect lo meet vith them. 
Thus, fur instance, tliey occur in i-reat ahundrmce whenever blood- 
clots (as« for instance, from men, cats, and dogs] v^bich have only 
hccn roiii-hly chopped, and which havo been frequently although 
ipiperfectly washed in water, are auffered to remain for some lime 
exposed in a moist stale lu the air, either ir ordinary tiglil, or, 
what is better, in sunli^'ht; when thus treated, the aciperficlrtl 
parls of ihe pieces of fihnn are ra|>idly covered with critire crusts 
of the most beautiful and large crystals. 1 obtained tJie tetr^hedrie 
crystals, lo wlkich 1 liiive already referred, most rapidly, that ia to 
any, in 35 minutes after the animal had been killed, from the 
blood of ^inciL-pi^'s; the detibniiolcd blood, after lieing diluted with 
■water and treated in the manner described in the preceding pfLge 
(an squeous eictract of the cruor may also he employed for this pur- 
pose) is cs|"'oscd fur IS mlnntea to a stream of oxygen cither in 

broad Jay-li^'*'^ o'' 5""'^^?l''» ^f^t' *^*^'"^'i^*^ *^^^^ ^^ ^^^^" conrlueled 
tlirougb the lighter red 6iud for five, or at most ten minutes ; the 

CHfboniL* acid gradually renders the fluid darker, hut it soon 

liecomca more and more torbid ; i n aiTordance vt Ith the de^^ree <'f ltd 

turbidity, t[»o ^uid cKhihiCsa more or Jes^ bright vermilion reil Lint 
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from tfie squirntt'd cryihUls wliicli, vhpii ihc Ktrrwn of mrbonir virvA 
k internipinJ, ^riulimilT sink lo th^ bottom ^ and form a (u«^i- 
dcrtkblc bright vennLlion-t'olciurtd Acdirocmt M uch tJie smnc metinjil 
muHt be eniployvci tr> obtain the pmtnatir cry&Uis fn>m burnftn 
blortd or lb^ blood uf cats nnd duf^ ^ Ivut in tbis case it is nfccft- 
snry to hAvr!! nnxjurHt tu Kirvcrul otbor contlitiuDs, wbich uill eqIv 
Bcqucntly be tiotkvd, l^bcsc m-slals may indeed he sf[ara\c^ 
bf rinnng Trom &!! the eonstituentK of tbe »erum ^nd from tht 
grenl^r \ihTi of tbe rolourless blood -rorpuscles, as weU &4 ^m 
the ri'll-nienibraiica of llie coluureJ curpu^rlesj but stilly iiuEuuli' 
standing repeated rinsings, many of tlie bittn' fr^tjctitlf rvoiain, 
in con !!*■<) uei It e of bavin^ t^erved, to % certain extent, as points of 
df-'puKtte for the crvs.la.h u'htcb thus enclose ibeni ; and bence t)iej 
&re mil ml^ipted, \iheo bi this coudivon, for flemt-ntary uiiidyiia^| 
Tbey must lljcrcfore l>c disaolved in prater, ard carefullr filtered,™ 
in iji^cr perfectly to free Uicni from all morphuloLnenI particles^ 
The re-crysUlbftfltion, howerer, presents great difficuhi**. We 
will here merely observe, tliat wc cannot errpluy a high degrw 
of beat on account of tbe cuagidability of ttie substance, or die 
ivir-pump on account of the otuount of fpts necesFapy f«r cryatal- 
ligation. We nmVf moreoi'tr, recognise ihnl tbe solution before o* 
IS that of a pnre crysralline stibstaiice, from the fact that it ciDQut 
be prccipituted by bieliloride of mercury. Tiitratc of silver, or 
luetic Acelulc of lead. The cocL<£u)iim, nhicb is obtained by heat 
from the crystnlline solution, is at all events so f»r unsuited toH 
element&ry annlysU, thui it doe* not represent the pure cn'stallifit 
substance; dtr during coagulation the cryatiilUiLe substance losvs 
not only c&rbonic acid and phosphates, but also about 1'^^ 
<tr^'ftnic matter, wbicb consists of a strongly re-acting aeid and 
u nitni^enou* body, liearing some remote resemblance to glutin. 

The numeniuA and vnricruhlv modified experimenta uhich I 
have instituted on ibis subject, lead me to regard light merely as 
on auxiliary in the crystallisation; for although crystals are 
certsvinlv also formed in the dark, or even in tbe night under 
otherwise similar conditions, they are only gradually deposited, 
and always in far smaller quantities; thus, fur Instance,! coiJd 
never oblnin more tliun 2[f of cryaUlfl from the blood of guinea- 
pigs in the dark, whiltt I waa frequently able to procure iiiore 
than 7jf of dry crysinlHne anhstanec during ordinary dayligbt, 
in sunlight. That which bas been already atiited In reference 
light, jipplics very nearly with equal correctness to tbe applicoli 
of Dxygcn< Wc may not unfrcqucntly auec4«dj even without the 
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use of oyygen^ and hy the mere applicntbn of carbonic aHd, in 
uhtaiiiing tliese crrslala in aun-liglit ; but then only in fnr 
smaller quantities than in those cases in vinch the blood had been 
previously inipregneted «-ith OKvgen. 1 discovered, from a scrici 
of comprehensive quantitative determinations, the particulars of 
wbich I have elsewhere* given, thattlie crystals are formed with far 
the jn'WLtest rapidity when the yiygen is sufTered to paas tljrouj;h 
the bh>od in a slow stream for about 15 minutca hcForc the upplr- 
catinn of the carbonic acid; for if carbonic acid he first, and 
ojfygcn lie sul>sequently passed through the blood, the latter 
appears to hinder the process uF crystHllisjition ; but when the 
Huid is introduced into corhomc acid after it has heen im- 
pregnated with oxj'gen, the crystallisation bei"ina almost in- 
Bbintaneously- This crystallising procps-s appear?!, moreover, to 
occur with a ropidlty proportional tu the length of time that the 
fluid has been in contact with the oxygen before the applicnUoii 
of the carbonic acid, 

DiffereuC microscopical observations have appeared to show 
that the pjvsence of fibrin is inimical to the fnnnittiou of crystals, 
and that scrum is indispensable to their production! but, as we 
have already observed, the pTesencc of tibriu exerts no nctJon, 
either favourable or the reverse, on the erystallisaCion. The serum is 
efjually devoid nf idl influence on this process, for crystals, ami 
some very pure ones, may even be <)blai[icd from the later 
rinsings of chopped blood- clots, after tbey have been stirred and 
washed three or four times vlth water, although they certainly 
cannot retain any jrrcnt amount of scrum. No crystals, bennng 
even a remote affinity to the abovc-descnhcd hlood-cryslals, can 
be obtained from the serum cither by thciiC menus, or by micro- 
scopical treatment under glass plates; henee we are scarcely going 
loo far when we assert that observers who, like Robm, assert that 
they have pronired the true blood-eryslals froni the serum, are 
entirely miataken, and that they would be perfectly correct in 
rcgnrdin^ such crystals, which were noticed Uy every careful 
observer long before the discovery of the true blood-crystals, as 
mineral salts. 

Altbuugh I very reluctantly enter upon the discussion nf a 
subject which is still being made the object of inqniry. and ennnot 
therefore be determined pandin;; such an examination, I have 
thought that I could scarcely any lousier avoid giving s^iuic iiotiiie 
of it, Tiie observations Ui which I liiive already referred, together 
• Der, d» kUiiial. i^clis- Gta- d. Wisfl. eu Lcipz. iur>3. 
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witb o11ir-nt, tnc}ih« me to bfliere tltat (his crystitllinp subi^Uiiec u 
nut n mixture of a piginent and A prolyl ii-^body, liut a pnrt 
clK-'mtrhl ctMiipouml ; tbi^ difference in the form of the cryrfal* uf 
different kinds of blood 9ccni» to indicate wit)i t^rlemMe ccrnintr 
that ttiis L*om|umiid must, liuwevcr, he either a aatt'like or a ftiu- 
jugated cotnpouiiiK AU tin? hi^uIvh^s which I biirc! hitherto luKlr 
»f ihe pure &ulistjtiirc liAVe failed, like all previous eWmertEarr 
iin;d)'se» of the protein -bodies, in yidding any dcdnilc Tie<fl^^ ja to 
the constitution of t^i^ suhslaiicej but it seems to me Ihal ili 
rtcoghition is rendered very simple ou llie supposition of a con- 
ju^&lioM ; the prineipal objert tj be bail in view is, therefore, 
diaeover sonic agent which m\\ dissolre tbiJi conjugntcd compom 
and sejmrute the subshmce into ita adjuncts; in ht>w far 1 ha 
i^uooe^ded in thi>c purpose^ 1 am scarcely ahle to determine^ 
tbe sioinew'hnt irrclevunt question were aiked, \^'betber the rrvstnl 
line substance U contained a& such in the bL^od-curpuscJes, cxlsiirj^ 
IV it only in a dis<^olvcd form, I eoii)d not directly urhrm tbat nuch 
is the ensc^ for Clie influei^ce of sulOi forces as light and oKvgen. 
wJiifh lire noccsnarv to the formation of crysiais, ih inocinceivahU 
nilliijut Lite co-operation of cliemieal action ; licrce ^e might Ix 
led 1u assume tUat an oxidation hnd previously taken plac^ As, 
however, crystals eannot be formed without the co-opcratian o' 
rnrUonip acid, mere nxidntion ennnot conslifiite the sole form 
metamorphosis of the suhhliince^ fur carhunic acid inusl (*^»enli 
CQntnbiiCe lowanis (ho production of the new iubatancc, which 
then first rendered crystal isEihle. It mic^'ht niLturidlv he sup 
that the investigation nf tliis *ubjeet would enable u» to de 
the much disputed queatinn of the 1 1 itereliange aC gates in 
circulating blood, bot the decision of this point ia by no meatus 
easy as we mi:;ht he disposed Jil firat eight to assume; at dl 
events, owing to the small (|nifitily by weight which is taken u 
by this ijb.'itniiee, I liuve hitlierlo been unable to obtain su 
reliable results from my own quantitative determinations; oth 
essential obstacles, moreo^'CrH liinder the determination of the gas 
which is to be absorbed. It must^ moreover, be borne in mind 
that this capnciCy of the crystalline substance to be ehnnged hy 
the action of oxygen and carboLiic aeid is not peculiar to ibis Imdy 
nlmie, but pertains wJtbiiul exeejJliou to nearly all the pn.»tcin- 
bodics, us indeed every cai'eful observer must tiave tioticed. and u 
1 have myself obsppved in the case of nlbumen. casein- globulin. 
Stc when sulnnitieJ in a similar treatment with oxygen anri 
curitonic ncid, All protein < bodies undergo essfiitial alterations in 
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the open sir, as l^aa been observed in numerous insffliicoB (we need 
Tiere only refer to llie experiments of Seherer and PanHni) ; but 
nil pcr.sor^K who are coriven^Biit vtith Eudi investightions nui»t lie 
aw:\te of tlie exl-reme difticulty of tra[;lni» these mttamorphoaea, 
ov'ins to the high atomic weii^lit of these bodies. Iti the menn- 
while. I am disposed to rei^arU llus crystalline substance aa a com- 
bination \i\th carbonic acid; nnd this view^ st^cnis to derive 
cnntirniatiojii not only from it!i furnkiition in a current of carl>onic 
acid, and ila spontaneous production in diseased liver imd from 
putrcfaetion, biit also from the incapacity of tlie solution to re- 
crystallise after the dried or dissolved cryatala have been placed 
under the air-pump ; and finally, from that decided development of 
carbonic acid which ivc perceive in the moist crystals in vacuo, 
and the olmously more abundant development of gas in vacuo 
when BCftic acid has been previously added to llie snluIJon. Tlie 
gloltiiiin of the crystalline Icn^ behaves in precisely the same 
Dionueri excepting that it ia not cryslallis&blc, and does not 
require the previous application of oxygen for its fie|ntration bv 
carbonic aeid. When a stream of carbonic acid Ik |)as*^ed llirongh 
tbe solution of globutirj, the hitter is prifuijiitalcd, but this pre-* 
cipitnte, on being shaken in pure water and in the open air, again 
dissolves into n clear fluid, from which the globulin may be again 
precipitated bv earhoxiic acid. The crystalline substartce which 
lia* been treated with salt and anetic aeid (earresiMJiiding to 
PanuQi'a acid alhumcn) ftppeara simply to undergo a nietamenc 
mctamoq)ho3is : it docs not , sepamtc into Eeveral diflcrent 
bubsTaneea oa beinj^ coaj^ulatcd by boiling (as Panum maintained 
viOA the case u'iih albumen in the formation of acid albumen], 
but i^ rendered far more riusceptible towards otr:iosplienc inHucncea 
tbun the original crysttdlinc suljstanec* 

(45) Addition to |i, 3i\ift, line !0 from bottom. — Scherer* has, 
bow ever,, recently found a mbstaoce in leucremic blood which 
appears, from all its reactions, to be nothing clic than glutin, and 
wbicb consequently standsj in a chemical point of view, between 
the pro tein-boi lies and gelatlge no us matters. 

It Js. moreover, worthy of notice, that the embryo, up to tbc 
final period of ila leavmg the c^g, contains no gelatigcnoua tissue 
(lloppef)- Animal ecll-walU and nuelei appear never to consist 
of geiati^enous tissue (lIoppe)> 

■ VerluuidL d. plijjsnnod, G«. *u Wuntburg.^ Bd. 2, S. a^l-^U, 

t Arcli. r. pfttliol AiiaL Dl 0, 3» 174. H 




(46) Addition to p. -198, line 2 from bottom. — Chondrin. wli«n 
imit«d with nutpliuric »tiJ, yi^ltltt, acconlLng lu lloppr,* m 
glycine, but only Icuciue. If sulphurous acid be p&sacd thfvufb 
tt w&rm solution of chondrin, tlic l&ttcr b at 6rst prcdpiutedi 
hut afterwards undergoes decomposition with a de^'clopmem of 
nmmoiiia artil the fiirmauon of leucint: and 4.>tlier |3ri.tc1ucta. Oa 
biiUing vtlh alkAliea, cliondiin is gradually dccuntposc<l vitb « 
drve1upm«nt of ammonia. On treating it with a atrungcr solulioo 
of ]ioto»>i» or on fusing it with hydrateri potash, ihere ftre fi^nned 
glycine, leucine, uid other products of (Jecoinpuution- (Ho]>pF| 
liijwcvrr, could not tind tyrosine.) In the putrefHCtiun ufcLoinlm 
iherc are formed, according to Hoppe, leucine and another cnstal- 
Ijsuhlo fiutiblanre, in adciiLon to uthi^r products of deoumpositiotj. 
On oxidation ttiUi cjiromic acid, it ilcvelnpea much pnissieadd, 
hut ncitltcr formic nor acetic aoid' 

Hoppe, ^vho Ua& more cnrcfuM)' anulysed chondrin titan any of 
his predcopssors, found G'^eg of salts in ihe snlislance in its 
ordinary state, and only OGSJ in chondrin treated witli a«uc 
acid. 

The following is his method of preparing ihia substance: 
Cartiiage-s urc hoilod for a short time, so as tu elTt^ct the partial 
solution of the perichondrium, and, after its removrdj they arc cut 
into thin ?<liccs, n»axvra.tcd for some hours in cild water, and llicn 
hoiU'd in a modihcd I*cipin'a digester for -35 iiiinutcs or an liouf, 
antler a pressure of two or three atmo&pherea^ by which menu* 
the ji^roatest purt of tlie eartila«;int>U5 suhatance is di^soKed, On 
cooling ifie dij^fster to I(m>'^^ th^^ lluid is filtered as rapidly m 
pussihlcT tlic filtrate evaporated, trcAted with cold water, the it^idur 
a^ain dried, pulverised, extracted with boiling alcohol, and then 
driud at 1?(A To remove the inorganic salts we must precipitate 
the sulaiion of thuiidnn inuTiediately after Its tir^t dhration ixiih 
acetic acid, and after decanliiig the aupernaluiLt duid, we must 
treat the precipitate with watt^rj ftftcr the removal of tltf salts, it 
IB, hovever, somewhtit difficult of soltition in boiling water, 

(4?) Addition to p^ 455, line 7-— Douasingauhf has recentW 
attempted to determine the umount of ammonia in the urine hy » 
new iiictliod^ wliich depends upon the fact that all the ammonia 
may Jje developed from dissoU'cd amiiioniaeal salts when they ar* 
evaporated to dr\jic?i?f in a vacuum willihydrated lime orcarbonnte 

• Jo^i™. r. pr. a.. Dd.&fljS, iih*, 

t Ana, doC[iiju.eti1vr]ija, S6cr, T, 29, p. <73, 
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of 8od&j at a temperature of From 40° to 50°, while tbs urea is 
not decomposed by such treatment. Proceeding in this way, 
Boussingault found 0'034g of ammonia in the urine of a child 
aged eight months, and 0"U4t[^ in that of a youth. It is^ how- 
ever^ very questionable whether the nitrogenous matters of the 
urine, as, for instance, its coloured extractive matters, which are 
decomposed far more readily than urea, may not, under these 
conditions, develope ammonia. At all events it would be remark- 
able if, after the use of the salts of ammonia, we were to find (aa. 
Bence Jones has done) not these salts, but their highest product 
of oxidation in the urine, while, when these salts have not been 
taken into the organism from without, the ammonia formed in the 
body should not be decomposed, but should pass off" as such m 
the unne. Moreover, it is not impossible that the ammonia found 
by Boussingault may hare been formed within the body. 
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(1) Addition to p. 30^ Une 17- — Colin* iLppearB to tiave made 
Ttry extensive obacrntiona on the secretion of BaBvm in the solid- 
unguUu Amon^ other results of his investigations he meDtioiu 
thftt the secretion of the two pirotids alternates, the parotid of the 
aide on whirik mastication is going on^ secrelang at least one-thixd 
more than that of the other side ; and that when the ntasticator; 
pmcesa a transferred to the oth«r side, the activity of the first gknd 
rery rapidly (tioiimshes, and that of the second as rapidly increases. 
He did not oliserve the alternating action in the secretion of the 
suhmaxillary glands, which is apparently uniform on both sides, 
^^'hen the animal consumes dry food, there are secreted from 
5000 to GOOO grammes of saliva from all the glands in the coune 
of one hour; about l-3rd or l-4th more when the aiumsl 
consumes oats ; and l-5th or l-4th less when living on succulent 
roots. The parotids alone yield more than 2-3rds of the whole sum, 
the submaxillaries only l-20th» and the subUnguals and mucous 
IbUicles the remunder. The secretions of the parotid and submB.xil- 
lary gUnds occur almost solely during mastication^ and for a short 
time subsequently ; the thick and tough secrebon of the other glands 
of the buccal cavity, «hich remain moist daring abstinence, amount 
to onlv l^7th of the whole. The sight of food excites no per- 
ceptible augmentation of the salivary secretion even in fasting 
animals. 

Some Tcrv interesting experiments on the influence of the penod 
of secretion on the chemical constitution of the saliva, have been 
made by Becherand Ludwig,+ They found that the solid residae 
of the saliva diminishes in proportion to the amoxmt which the 
gland has already yielded ; the organic constituents sinking far 
more rapidly than the inorganic* Fluctuations in the quantity of 
water in the blood did not disturb this Uw, as was proved by the 
examination of saliva collected after one or more venesections; □<» 
was it affected by the injection of chloride of sodium into the blood, 

■ Compt, mbd, T. S4,pp.3t7-U0, 

t Zatelu. f. imt )Icd. N.F. BtL I, 8. 4»483. 
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although tlic quantity of salts in the saliva was aomcwliat aug- 
mented there}>v- 



(2) Addition lo \\ 31, line 11 from flic IwUora- — Tlie nif>re 
recent carefully conducted experimerts of Bidder and Sclnnidt*' 
have, liowerer, shown tliot the parotid secretion does not coiitributo 
to the action of the mixed saliva. Parotid saliva and buccal mucLis 
do not [cetamorphose starch, although this efferX is rapidly pro- 
duced by tlie accretion of the aubmaicilWy glands and tlie buccal 
Tnucu3, These enquirers arrived at the same result, namely, that tho 
starch -ferment is only developed hy the union of the buccal mueua 
with the submaxillar}' saUva, Ijy tying the ducts of the different 
salivary i^ths parotid and the aubmaxiJlary) glands t:i dogs. 

(3) Addition to p. ^G^ line 15. — Bidder and Schmidt, under 
whose fiuperiniendence the experiments of Jacubowitsch u-ere insti- 
tuted, have convinced themselves by liter eipmmeuts, that the 
saliva loses its action on starch in the stomach of the living animal. 
*Thcy introduced boiled starch under Ihc most varied conditions, 
into the stomachs of dogs through j^a^tric fistulte, and found that 
after tsiQ hours^ retention in the stomach. at most only mere traL^cs 
of augar could be detected, i^hile externally to the organism this 
metamorphosis always occurred, even when an excess of gastric 
juice was added. Thii perfect suspension of the action of the saliva 
on starch within the fiEomad* cannot be sufficiently explained either 
by the comparatively short retention of the starch in the stomach, 
or by the assumption that the salivary diastase is digested hy the 
gastric juice. For on the one hand the amylacea generally remnin 
A sul^ciently h>ng time in the stomach to U[Lder[;() inetarncir]>hosi», 
»n<3, on the otlier hand, the gastric juice would aho digest the sali- 
vary diastase externally to the organism, which h not the caac. 
These results of Bidder and Schmidt may be to a certain degree 
explained by the assumption, that in these experiments (in which 
starch was introduced through a fisfula, or in the forni of verj- moist 
fttarch-pa^tc, through the mouth) only Htllc sahva flowed into 
the stomach, where it Iweame too much diluted fjy the gastric 
juice. 

Wk are, consequently, led by the earlier obaervationa of Ber- 
nard, as well as by the more recent investigations of Bidder and 
Schmidt, to the conclusioUf that notwithstanding its energetic 
action on starch, and notwithstanding irs abnnd^int supply, the 

■ IHb VFrdai[iLtkEit!iflrie and rl^r SLofTwerhftfL R SL 
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^^Tcntmlr aiupcnd* i%» •olrvnt actiont Utboujsli the m xturc vtili 

F Thia Uu«r «xp^oacnc dUtinclty expfaons how it U that, wbm 

I Mk tiodlgcited n^bmniiiaus iiutlf-m p&w< into the intatiDe, the 

I EMtne Ji^eo totca «Q power ovrr Uitm. If theiY be nn toA 

I rvncbon in Che duoikiioro, tbU doc» oct depend upoD the praaerMT 

I of frtt hTdrodilun'r i.rid, but of« tlmt of tbe biliary aeids woktcd bjr 

h. Siii€« thcv* arc dlhrr vrry readily n;sorfi«1 or else nre iiuolubk^ 
we ri>iiinion1y fail to obsertc on ncid reaction in tlic jcjimmo tsrtn 
ftftcr tbc luc of • flcftb'dirt. 

With rv^n\ In tbe ^ttarttUi^ t^f cidtuninotu suh9tamet whidi 
cixn. be dissolved by d^^nilc tjimhliues of gastric joire, 1 han 
iMind that lOO ^nuiimta of the Freah ga&tnc juke of the do^ ar« 
iblc, on AU Bvctftge, to disaoWe 5 |:ntmrae9 of roogiilat^d &lbtim«n 
(tlut bein^ t1i« mMLii oF «iuLt cxporimcnls^ in which the ^xirvmc* 
w«ff» 6'l4 »nd -I'Sl? gmmrncs). Sclimidf., wh» instituted aimikr 
rxperimrDts, ihiTivrd at a fmr lower result; as a nicui (if 2? expen- 
nwntSi In found thnt too gmmmcB of gasfric juire dissdred 
onlj 9'S gnunnics of aibmnen ; the bigbeat number which Schmidt 
found \mn^ ,%'S5 gnrnfiies, Tli« meiliod which I pursued in Uicv 
inr«stig»tinns imi the same na that «hicL 1 adopted in my espfri* 
mcnta with •rti^ctal gaatric juicci The higher numbers wlndi 1 
obtained vnett |>r(>h&bly dqicndcnt on tho preaei^ce of lactic «dd 
ir th« Utt\\ gaMrir j^ice. nhile Schmidt oniy ojKT^ted on gnstj^ 
juice in which lf»erp was no lactic trid. Since many conditioni 
f«vourin^ the solutioi; of ihc prol pin -bodies co-operate within tiir 
atumacb, and since the gastric juirrc obtoined from li^ulous opcji- 
ings probably pnssesseB Usa dig^ctive power than that lA^hich i( 
teoreted from uninjured slomanhs. Bidder and Schroidt verT 
correctly infer that the gaatrlc juice may be able to dissolve % 
larger aoiount of nlbuminous matter than the results of out 
ex[^riineiits would seem to show- 
Now, if w'p know the <|uartity of the gastric jtiice vhieb i« 
secreted in twenly-four hours (see the preceding page), [wid 
the quantity of albumen \vhich is dissolved by adednite quantity 
of pastric juice, we can readily ascertain the quantity of albumen 
wljich ean be daily digested in tbe stomach. Since a do^ seereiei 
about lOO grammes of gastric juice for every ki Ingram me's weight 
of its body, tbjit animal would only be able ti) digest 5^ of its weight 
of nlivumcn (r'-ckoiied ns dn-]. But it appcnra fr<»m the mamcroua 
expenment!^ of Si^hiiiidt, that a doL^. in order to keep in conditioci 
on an exeluftlve £esh*diet, should take for every kilogramme'i 



AnniTJONS AND NOTES Tf) 



501 



mixed gastric juice, waa a little above r7SjWliile tlic mineral can- 

stituenU Qvcragcd l"0[|, 

Schmidt found no essential difference in the composition of tlie 
gastric jiii^'e of dogSj afrer rhev had been fed for a long time solely 
nitli vegetables, or aolel)- with flesh- Tt cannot, however, be a mere 
accidental co-incidence, that the highest numbers for the phos- 
phate of iron were found in four ca^ca after the use of vegetable 
food. 

(7) Addition to p. 53, line 15. — In order to delermlae the 
dailif qaant'Uy of ffostnc juice which iv stcrtledy Bidder and Schmidt 
employed doga u-ith gastric fiatulra^ rthich Ihey made to he on tlie 
left aide when the se<^retion eommencedj by which means ihe paa- 
aage of any part of the gastric juice through the pylorus into the 
duodenum vras prcrented : the sccretiun was, moreover, collected 
on various days (with aeonaiderable interval between them) and at 
different periods after the last meal. Tliey collected 823 grammes 
of ga^t^ic juice from a dog weighing 16 kilogrammes, Hhich on the 
whole was submitted to 14 observations, extending over 12 hours, 
(Tliefie observations of course not being continuous.) Anotherdog 
weighing 12 kilogrammes yielded 231 grammes in 4 hours (it 
having been suhmitted to G observations). In the first case there 
were 103, and in the second, 115 grammes of gastric juice secreted 
for each kilogramme's weight of the animal. We may, therefore, 
assume that the dog yields, at the leEiat, lOj of its weight of gastric 
juiee in 24 hours. We further know that in the healthy stjite the 
secretion of gastric juice is for the most part dependent on the 
ingestion of food, and that some kinds of food escite a more copious 
£ow of this fluid than others. There are some substances, suehj for 
instance, as sugar, aroniatles, spirits, mtd alkalies^ which wheJi intro- 
duced into the stomach, immediately excite an almost gushing 
accretion of gastric juiee, while other Gubatances^ as for instance, 
animal food, require a far larger quantity of gastric juice for their 
metamorphosis, iii consequence of the much longer time of their 
retention in the stomach. 

(8) Addition to p, 59, last line. — It further follows from the 
nnmerous esperiments of Bidder and Schmidt, that pure gastric 
juice considerably exceeds gastric juice mixed with saliv& in its 
digestive power, — a fact obviously dependent on a portion of the 
free acid of the f^ai^tric juice being saturated by the alkaline saliva. 
They likewise found that the addition of bile lo the gastric juice 
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He proves by txpt^i-imonia rtliich are fully described in his 
Theais, that the &cid which 1» liberated on tlie application of beat 
consists of tniicb butyric ocid, with a little metaeetonic and, pn> 
bably^ acetic acid ; and that the hum:in gastric juice contains rf) 
JVee hydroMaric acid. He rei^ards tbe butyric and lactic acids u 
prcxluotA of the iDetaiiiorphoais of the caTl>o-hyd rates ; and, finnlly, 
he ia persuaded that the itcid reaction of the gastric joicCf wlien 
mixed with food, owes ita origin to the organic acids u-bich are 
contained in or develujied friEii that food- 

Scbroeder's The&ia is divided ioto three sections- In the finst 
he considers the action of the human gastric juice on amylaeeoaa^ 
matters j in the aeijorid, its acLion on the albuminatesj and espc-| 
eially on flesh ; antl in the third, he briedy nuticen the |mrt vrhh 
it takes in the melamorphosia of matter. The only point espedall] 
deserving of notice is the description of the analyses of the gosti'i 
juice of the same wo man j obtained unmixed with food, by irritating 
Lite gastric mucous membrane of the empty sT^omacb with peau. 
An acid, clear gajstric juice waa then obtained, containing fiee 
hydrochloric acid i if would thus appear that in Grucnewaldri 
experiments, this acid hod been neutralised by the alkali of the 
salivBt^o. S' □.] 

(10) Addition to p. 68, line ? from bottom- — The diflerenees 
in the phvEioal churocters and in the composition of freshly 
secreted hile and of bile that bris been retained for a l(»ng time in 
the gall-bladder, have been successfiilly investigated by Bidder and 
Schmidt. The fresh bile of carnivorous animals (dogs, cats, crovt] 
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varies from a yellow to a yelloivish brown colour; white in herbi- 
voroas animals (rabbits^ shcep^ gec3cj it is green ; the colour of 
the qfMtic bile in animals wliose hepatic biie is yellow or brown, 
hns, huwcver, always more or less of a tendency to ^reen, nnd when 
tbe ftnimals have not fed for 20 hours or more is of a deep green ; 
while, if examined 2j or 3 hours after feeding, itia of as light fl 
yellow or yellowish brown colour as the hepatic bile. Since the 
bepatic bile gradually becomps green oti exposure to the air, aad 
the yclloiT tint may be again restored by deosidising agenta, there 
csti be no douht that this change of colour depends on oxidation, 
and that the bile retained in the gall-bladder is impregnated by 
the circulating blood with ao much oxygen as tu induce this 
altered colour. 

'I be prolonged retention of the bile in the gall-bladder induces, 
however, not only a partial osidation of ihia secretion^ but also a 
strong conceiitratitin, — a fact which lias been estahUshed by the 
numerous obaeryationa of Bidder and Schmidt, and has been con- 
firmed by Nasse. The former inquirers foand that the fresh 
hepatic secretion of eats, dogs, and sheep contained on an average 
5j of solid conatituentJS, whicli in ^be case of cats and dogs rose 
to 10 or even 20^ in the cystic bile, according to the duration cf 
its retention in the gall-bladder : in sheep, on the other h&nd, the 
amount only rose to 8g ; in rabbits, whose fresh bile contains only 
2J of solid cfinstituenis, the amount i]i the cystic bile may rise fa 
15 J, The fresh bile of geese and crows contains about 7S of solid 
raattersj winch in the cystic bile of the former may rise to 20%, 
and in thai of the latter even to 'Ib'^. The hlle, therefore, resiarea 
to tliti blood and lymph a greater or smaller quantity of water, 
according to the duration of its retention in the gall-bladder. 

(11) Addition to p- 78, line 18. — [I'hc experiments of Bidder 
and Schmidt, which are here briefly referred tOj are given in con- 
siderable detail in the new edition. — g. r> d.3 

Bidder and Schmidt have obtained tbe following results 
regarding the absolute quantity of the bile accreted in 24 hours by 
the animals on which they experimented. For one kilogramme's 
weitfht of tlic aniniHl there were secreted — 
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^Mf dfaoOMd rathfft A higher mcmn nanklier fur lite D[ni>uiit oFb^ 
AkD BmU«t UMi Scbtnidt, vho ibmIc imnieroua espenro«nta oo 
lifiiiiiil iliijii Acts bdi^, sccontiitg to Nuae, 21'U25 gmoacs 
«f frmfc bili, «Mtbttniiig 0*^46 ot a gmmme of solid coiistinwnti, 
■ Ujui gj in f 1 houn tar f*cb kUogrmnnuc's w^ij^lit of the aiiiniAl. 

Kipcriomls 09^ 00 dogs W to predaelj- Uie s&me rcsolu ■> 
tboae «]MMi c*ta [Bftcntioned in ro\, a, p. 7^1 ; the a«ereUon rewbt 
in ntanMOt b ttw *eu tb« tbtrteenth and a lialf and the fifteen 
MUlmMflMBr after the httt meal. Greater fliK-'tuationn were, 
ever, ofaBcfTci] in (!>« gndual augaMaUtion of the biliary Moredoa 
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Th« cuwmatvue that the quaDiity of secreted bile, kfter 
■n^ioin^ ilA maximum iu the fifteeiith hour after the IsA tnnl 
■iakft with exlnordinmiy nE»ditv« mnd cTcn belovr t]ie numW 
whkh expresses the bUary Mcrrtion m the tirst hour after takiiij 
food, wms ron^HDed br Bidder nod Schnnidt In their still more 



^^ ntiiDeroas cxpennients on dc^^ ^ 

^H The nune chvrrm hare likewise convinced tliem&elTen thiitl 

■ when atiimols remain for ■ lop^r i>eni>d tlian 2A liours withoutfl 

food (*8, 7i!, lessor ilOhtmrfi),il»e biliary secretiou L-otitiimouslr " 

dintimftkec, the dulr dinunotion being, however, gradu&lly less in 

pniportion to the time thul )y^s clapsenl aini^e foml was last laknt. 

Thiis, for instaric^, in c*ta, after IU days' faattjij^, the biliary srcrc- 

I' tion amouited to only the lourth part of the quantity yielded in 

the t*4 hoixn luceeediu^ tbe tftit meal. 

It was rejiraU'illy observed by bidder and Schmidt, and llie 
obscrrutions bave been co^ifinned by N&»e, Ihrit ariniALi v^th 
pcrixuuient hiliury fistulE generally bave a ravcnoua appetite. Thi» 
circumstanee Kiby st^ist us in df terminlng tlie question, wbet]i«r 
die biliary serretiun be^irs a definite prLiptirtkiir to [be ([nantitt f^ 
food that li tiikcn. The question ha:t been decided in the alHrTD«- 
tive }>Y the experiments of the first-nfinicd inquirers, and a series 
of ob*erv-alion9 by Nasse also eou6nn this view. Thus, for 
instance, Biildcr and Sdmiidt found tlmt when cats were over-felj 
tbe quantity of bile that was secreted exceeded by one-fifth the 
quantity, \rhich is commonly secreted by a eat after ix moderately 
abundnnt incaU In tbcsc oases the uugmented secreticn of bile 
was, moreover, Rccum|)anied by an augmentation of its solid 
constituents. 

* CammeiiULtio 4e bilii qnc^Udi* a cans Mcrou cofu ot inckU. Frogr. 
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From tJie pTCceding observations it miglit be ex|iected tliat tlie 
ntxiare of Ih*^ jQod "Ki^viid CNert c certain intiucnce on the amount 
of the hepatic secretion ; and tliis expectation hns been tlioroui^hly 
c(i«Jtrmed l»y the experiments of Bidder and Sclimidt, find of 
Nassc. \Jic3h-die£ induces a far more abundant secretion of bile 
tiiEii Tcgelablc, amylaceoua food. Thaa, for instance, Naase'a dog, 
when fed on bread and potaloes, daily secreted l/l'B grammes of 
hjle, eontainittg 6'252 grdniiTies of solid matter; but nhen fed 
uptin flesh \t secreted in tlie same period 20B'5 graniineH of bile, 
containing 7'OG grammes of solid matter- In admirable co-inci- 
dence with these esperiments are those instituted by Bidder and 
Schmidt on cats, v liicb, ^vhen fed on pure/afy seereted no more 
bile tbfkn if they had been completely deprived of food for the 
same time- An ej^fusive fatty diet, therefore, cserts no influence 
on the secretion of bile. In Nnsfie's case, however, an abundant 
addition of fni to the ordinary food of the dog occasioned n marked 
£iigmentatioLi of the biliary secretion. 

Ir repeated expcrimctits both on cats and do^s. Bidder and 
SohmiiU found that, alter the copious inL^estioii of witter, the 
<}iiantJty both of the bile arid of its sulid constituents was 
increased. After water has been freely taken the bile is certainly 
Aomcwbat richer in water than normal bile, but with this water 
there is at the saioe time seereted a larger amount of solid consti- 
tuents than is usually eliminated by the liver This result has 
bIso been confirmed by Niusse. Hence it is not surprising that 
slight variations arc perpetually being observed in the ratio of the 
water to the solid conatituenta of the bile secreted in definite tiincs ; 
and bence, too, It is that in the numerous tables dra^-n up by 
Bidder and Schmidt^ all influences on the hepatic secretion are far 
inorc distinctly and precisely I'cflccted on the amount of the solid 
conatitucnts than on that of the fresh aqueous bile, Nasae laya 
Hpccial stress upon the point, that the Tariations which we observe 
in the quantity of the sulid conf»lituenls of the bile are chiefly 
induced by the oi^anic matters, while the mineral substance* 
accreted in definite timea remain nearly constant. 

After large dost^s of carbonate of soda, Nasae obserred a con- 
ftidernble dinuimtioi] of the set^relion ofbiler and especially of the 
solid constituents. Afcohul caused an augmentation of the fluid 
bile, but a diminution of its aohd constituents. 

finally, Nfls^ entirely coincides with Bidder and T^cbmidt, 
thai difedfp (namely, fcbiile eiccirement) baa an extraordinary effet^t 
in diiniiiishifjg the quantity of the secreted bile. 
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We nuist not orerlcok this opportunity of noticing tKe 

obscrv all tins which Bidder and Stlimidt have mode regnniing tiic 
intirrmUtejtt evipfi/itti/ of the gnll-hlndder. Magpntlie first niute 
the obser^-jirion, llinl, after pnjh»nged fa^^Utigf llie gall-l>!itddcr b 
distended with very concentrated Inlc ; Bidder and Seljmidt hwve 
now convineed llicmselves that iho gall-bladder does not i'M*!>ly 
itself immediatolv after the Ingestionof foodjhtit ^Jori hours later; 
the mere clistension uf the Ntomach cnniiut ihereiore occaAJun tlir 
discharge of the contents of the gall-bladder. It ffiHst not, how- 
ever, bo inferred from this circumstance that all anirnnls pos- 
sessing a gall-bladder only eHuse bile into the intestine during lb* 
peritKl ijf digestion^ and ibnt at otiier time* all ih^ secreted hile ii 
accumulated in tlie gal I- 1^1 adder. For far more bile is aecrfUd 
during tbe intervals )>etween the individual m^nls than couM b* 
lield in the gall-bladder ; thus, for instanceT the gaU-bladder uf x 
full-groun cat cannot contain more tb^in abinit .1 graninies of hih 
although the animal secreted in 24 bours from 30 to J2 gi 
of bilc^ and therefore far more than could be collected in the %sA 
bladder, oven with four or five emptyings after the in^esiion 
food. And the fact is still mnre atrikin^ly showu in raUhiisj 
gall-bladder of a rabbit weighing 1 kilogramme can contain 
most 0*-lG'J of a gramme of bile; but since tliia animal 
7 grammes of bile into the intestine in one hour, it is lienc* ml 
less p[»5sible to conceive ih^t all the bile must take its 
through the gall- lil adder. 



(]?) Addition to p. 105, line U. — After bo mnny fmil 
attempts to establish on iocoitestible grounds the (^-{iperitlioa 
tlte bile in the digestian of the /a£s. Bidder and Schmidt* hava 
length succeeded in submitting the question to Ihe most 
proof. We shall follow these investigators through the diffe 
stcp!> of llie experimental proof by whicb they eT^tablished 
point. Espcrimenta on dogs, in which tljcy formed fistulous oi 
inj^s into the gail-blaJdcr after having previously tied tlie di 
choledochusj showed that the bile which is poured into the %nt 
tine is devoid of any infloence on the digestion of albominui 
matter and of starch* Animala, ^\hicb had been tlius oj 
on, dit^ested the same quantities of albunimous food a« wtii 
animals in which the bile could run unimpeded into the itil 
line, and in each wise the process seemed to he Cijuallj 
feetly performed. Precisely the &ame was observed in rfgi" 
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to amylaceous food; hut llie case was rery different when the 
quadtitiea oF fat were cumpared witli niie ariotlier whidi were 
retained in the body and apiilkd to the purpoaea of life hy the 
animals thnt had been operated on and by the healtby animalSi 
It was Bscertained by Boussingault [see vol. i, p. 235), and the 
fact has been confirmed by Bidder and Schmidt, tliat the ammtd 
oTgani^m ia oiUy able to absorb a definite, and indeed a somewhat 
Email qunntky of fat from the intestinal canal- Several cx|%ri- 
menta on i^ats have shown that the full-i;;roA'Fi animal is at most 
able to t\ike up l.Vfi of a gramme of fatty foo[l for every kilo- 
gramme of its weight during the 24 hours, while young animala 
nbscirb OS much aa 0*0 of a gramme* Similar experiments ^ith a 
dog {which weighed 5 kilogrammes) showed that this animal had 
resorbed 446*9 grammes of fat in a week; conaequently, every 
kilogramme's weight of the onimal would be able to digest at 
least 0'4G5 of a gramme of fat in one hour, when plentifully sup- 
plied with that substanee. These animals, however, absorbed 
mudi less fat when the passage of bile was entirely escludecl from 
the inteatine ; in three seriea of experiments on these animals it 
waa found that in one case, where the access of bile was prevented, 
for every kilogramme of the animal's weight only 0'U93 of a 
gramme of fat was absorbed, in another ease 0'035 of a gramme, 
and in the third case 0"2l of a gramme, ft is very clearly seen 
from these expcnmeiLts, that a certivin quantity of fnt will be 
absorbed independently of the presence of the bile, although this 
is 2^ times less in the most favourable eases than the amount of 
fat which is absurl>ed in coojunctinn with the secretion of bile. 
The opposite experiment of Blondlot,* in which he eould scarcely 
detect a trace of fat m the excrements of a dog having a biliary 
fistula, and which had been fed on very fat food, hns been, for 
various reasons, anil perhaps correctly, referred by Bjdder Bnd 
Schmidt to the fact that a Free passage through the Ductus 
choledochua may probably have been re-established in the animal, 
Tlie participation of the bile in the diifcstion of fat muBt, tlierefore, 
be considered as settled beyond a doubl, although it ennnot be 
wholly denied that a small portion of the fat may be resorhcd 
independently of the eo-operntion of the bile- 

As it i* well known that the white eolour of the chyle is mainly 
owing to the amount of fat which it contains, the colour of the 
chyle eontalned in the lacleals was observed after the bile had been 
excluded from the inteatinc ; but this c:(periment wna attended by 

* Esftoi mr tea fonctioiiB du foic et do nea nnncnicB. Farifl, \B4ti, p, hi. 
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diOBnot rwlU BfodM,* u «tU m "ncdcrotm aod GeBC&p,f 
tttotmbt that U»«7 b»d cDtttwBnl ihciMifrgB tls«C iftv rffaaf lb 

flaidp POtwtthitMKBng the ue ol bft Ibod, mlaUt Ma^andkt ■■' 

n»ore it<«iiUyi btch Ijsm,^ in coongctiofi with Bidder wd 

Mimidt, hhre M«eik tbe chVl« >ppMr ntlk-vhite onder ibaQir 

Tttatjotkft. If it maybe 4 ^rivrf antiapMved tb&i we e^iuMit Ibno ■ 

very definite upiiiiEin uf the waon or kaa vliitc cnloor, oi of llir 

greater or Im trmiuparvrtcy of iKc ckvle cuRUiDed m tbe bdofa, 

tho uh««rUirity of thii mode of observation >out b* doubly nmi 

r«ttt to ill those who fave rrM^tienily al tfgn r ed the Uctcidi in 

ATiinuls wbtch b«ve been killed iinmcdkHely after feedio^. Rcner 

it fbllowi tbfttt ft* we h&Te iLnady Been, eren when tbebileii 

exdnded, • portion of the fat u resorbed, uid rfrider^ the cbvle 

more or leiswhUiah, The i^oHitiiatiTe deterTninanon ws bere 

the only way of deciding the qvestkia with rerUunty, tsd 

this wu, therefore, t)>e course whii-b Schmidt punned. U 

tlie di)'le ohtAincd from Uie Uiorwnc dact of dLit>3 with biliirT 

listulie, lie found on one occasion 0834! of 6itty arids miiod «hth 

€ther rirgnnic slI11^tnltce.%, and (in nnoiher o<xa»irm O'ISOg of fteefM 

to^llif r frith 0-) 15^ of fnttf acids, wtiik U)e chjrle of a beallliy 

dog, that & hours before it' dculh tiad been fed upon beef, con- 

tmninJ S"24H of free fat, with OOSh^ of f&tty acids, Whik tJie 

dilTcrencea in the amount »f fUt iri thfsc two kindH of chyle arv to 

great, the Other constituent* were found to fluctuate t ery sLij[htly 

in tlicir quantitative relations, Maratncr, this experiment perftdlf 

con^rmn thefaet whieh had been otherwise eats bliNhed^ Uiat the 

bile essentially contrihntes to the ahsnqnion of fat. 

If it be rendered tolerably evident by thc^e ex])crinieiitjir t]ial 
thfi bile ia iiulispenBablc to the absorptioiL of fat into tlic }utce*of 
the finimal ortfanism, its mode of action in thh process *tiJl remains 
un(!}rplained ; nnd this re«alt must app^nr the ntore striking vf^'tn^ 
thai direct experiments insLitnied with fat and bile afford no clue 
to iht^ c^cplaiirttion of the mode of action. The bile poaseascs in a 
fur lesa degree ll^an tl»e pancreatic juiee the power of forming an 
ejnulsion, and even if it did possess this property in a welUniarked 
degree, the reKorhubllily would 1>e by no means explained by tha 
extreme comminution vftlic fat; for since theco&UaiidcelU oftbe 

■ Qnuierljf J<fumft1 of th? Bden(<n 4Tii| Ann. 1 853, Jui. 
1 Pr^tia *"lt*iin'iiltiirt Jp riij'fif^Uit'ir, T d, [i. II7p 
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intestine arc rtmtinuously iiemiejitfld with aqueous moisture, nnd 
can never be dry at any point, wc cnnnot understand, from a phy- 
sicsd point of xieWj Low tlie oily fat cnn penetrate these membratieBi 
HencB it has been assumed that the fat is sRpon^lied by the alkali 
of the hile; but stuce the greater part of the chyle- fat is uufjapont- 
fied fat, we arc compelled cither to withdmw alto*jctlief from this 
hypothesis, or to assume with Molpschott,* that the fat ia saponi- 
fied in the intestine [by means of the pnneteatic fluid), hut isagala 
liljemtPtl in the lymphatics. This latter view, independcutly of its 
ttieolui^ical imprubahility ^ can liardly be accepted when we consider 
th&t &fter the use of fatty food, mere traces of fatty acids are found 
in the iTiteatinal canal, that uniJapotLified fat is recognisable even in 
the epithelium and cells of the villij and th;tt, according to 
Schmidt's experimenlst the exclix^ion of the hile renders the chyle 
vQTy deficient in free fat, while it dnefi riot art'ect its quantity of 
fatty acida. Lastly^ the bile possesses so very slight a solvent 
power (none whatever, accorrling to Bidder and Schmidt) for neiilrnl 
fttls (mud even for the fatty acids it would appear (rom the experi- 
ments of Lenz, not to be very considerable), that the hile which ia 
eeereted would be perfectly insufficient to dissolve the whole of 
the fat which Is resorbei!. It has been ttiiiseqiienlly supposed 
that individual parts of tlie inner intestinal surface may be spe- 
cially capable of absorbing fat, and that fat alone can penetrate 
through ttiem ; but iu that eane the assistance of the bile in the 
resorption of the fat would appear to be altfjgelher snpcrfluoua. 
But since the bile ha^ been ^hown to be necessar)- to this ol>ject, 
nothing in factremaina but to assume that the bile induces a modi- 
ticatioEiin the relations of adhesion betn'een the oleaginous fluid and 
the moist watery membranes, by wliich the transmission of the fat 
through these membranes is e(rec:ted. The theory of tlie physical 
relations of differerl kinds of fluids to different membranes has 
been as ycl so little studied, that such an afisumption as the nhovc 
U by no means inadmissible; indeed we find that Bidder and 
Schmidt performed an experiment wliich indieates with toler- 
able distinctness tlie existence of such a relation ; they plunged two 
glass cnpiliary tiibea in oil, having previously moistened the interior 
of one of them with bile ; ihe oil rose far higher in the lube moi»- 
teried with bile than in the other, either when it was perfectly dry 
or >\hen moistened with a saline solution* This mode of explaining 
the absorption of fat has been established beyond all doubt by tho 



• Phyiiolngie iIm StJiflTwwIiftebi MHftTiBfln, IBM, 6, 200. 
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cxpaiacDtt of Whtiftgilmpften * (conducted nmkt 
Sctoud^A «9pcmte«ulvk(«), on likM nations of the tzU vilivn 
ntml vitb xhe neids of the bile to endonnosii uid capUUrf 



(13] AdAtMQ to !>. SI, line sa— Molndiott hu recently imti- 
tiit*da«eric«of cnrrfultTeondoctedeipenTnents onfrogsinnhiiw 
toilnK potnL like Kond^, lirrxlirp»tcdthelirer; liiit sucivedcd 
ia keeping tikc uumftls ftlirc for > tongcf pcriocL He could not 
■MPpcbJ in dctecttng m tnce of the reunoos acids or of ihc pt^miLt 
olth* bile citW in the Uood or in ih« krapb, or in tbe flemfap or in 
the nrine of the frogs on whidi be i>pcnU«ut, It may, tliervforr, he 
raprvkd u «n eatobbsbed fact» that the eucatial cotistitucnta s4 
the bite are prinuily formed witJitti the liver. 

(t4) Addition lo p. 112, line 16. — Tlie specific grBriiy of tlie 
piBCnntic Auid ia luible to con^idrrsblc vari&tion^ (LuJvri^and 
WeinOMjin'f), t»i»co the amount of its solid constituents varies 
tnvcrvely n-ith the time during which tite secretion has been g:^g 
on; PTcrichs^ vho eiainiiied a very dilufe pHncri'^tic juiof>, dftet- 
niincd iu specific grsvily at 1008 or 1009^ while Bidder ond 
Sctunidt found the spcci^c gravity of & thick nscid apccimcn vliicb 
th^y were inrestigntin^ to l>e 1HJ3I)6. 

[n corrcsporulence with thii« dcnuty of the pancreatic j dice,, 
Schmidt found that on one occasion it contained 092^, and onj 
another ll*SG^ of solid corstitucnts; in the former cnsc there va«1 
O'Oi of organic mAtters, and 0'a54 of ash wliich contained O'JSC ol 
chloride of sodium, the remainder bemg chiefly bibnaic phovphAift| 
of Boda. 

(15) Addition lop. I H? line 20. — The quantity of tlie pancreatic! 
fluid varies very modi in different aiitnials ; according tu CoLn ^' 
it does not stand in a direct ratio to the rolume r>f the claircl* 
While the pancreas of tbc 0£ and of the hor^e. yields 2ti0 or ^lO, 
grammeain an hour, that of tbc swine, vhieh is about half Uie »ii 
yields only 1 2 or 15 grammes in an hour. 

The recent observations of Bidder and Schmidt on the paiM 
crentLC juice of the dog difier considerably from tlosc of Bcm 
[quuted in the text]. They found tbnt a strong dog (weighing 2i 

* Dlfiwrt. inang. Dorp- Llvor^ inai. 
t DiiBrrt. UEiig. Zurich I8b9. 
I Compt, rvhcl, T, M, p. 66, 
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kilogrammea) secreted 7'&G grammes in 8 hoars arid a quarter^ there 
being 1'6H grammes secreted in the £rst hour, while in the eighth 
there was only U'?3 of n gramme. We must, however, observe 
thdt tiie sfcretiDEi was only culleuied from tlie luwer and larger 
duct, while the course of the fluid into the intestine through the 
upper &nd smaller dvict was not impeded. From these ohservationa 
on tbe dog, Bidder and Schmidt calculate that an adult man, 
weighing 64 kilogrammes [or nhout 10 atone], secretes 150 grammes 
ia 24 hours. 

Ludwig and Weinniann found in a series of experimenta, whicK 
extended over 7 days, and included 3^ observations, that a dog for 
every kilogramme's weight secreted 35'184 grammes of pancreatic 
6uid in 34 hours. The amount is, however^ liable to considerable 
varifttions; prolonged hunger, vomiting, and operations on the 
animal diminish the amount, while the ingestion either of solids or 
fluids increases it. Tlie quantity increases very rapidly after water 
has been t^kcn; in two experiments the secretion attained it4 
maximum in 12 or L3 minutes after drinking. 



(16) Addition to p. 115, line 3. — -Bidder and Schmidt liave 
likewise shown that the matter on which the augiir-forming power 
of the pancreas (lepcnds, eKists preformed in the fresh juice, and is 
not, theref'ire, formed as in the saliva, hy the mixture of ditferent 
Auids, and that it maintairts its efSciency far below the temperature 
of the animal body-, and does not even lose this power of metamor- 
phosis when it has remained for 24 houra at a temperature of Ib^, 
while its action on starch is not affected either by the bile, the 
gastric juice, or free ncids, 

in order to institute a comparison between the amount of force 
exerted on atarch by the aaiiva und by the pancreatic juice, it would 
be absolutely necessary to niJike an accurate quajititative deter- 
mination of the amount of stiircli which may be melamorplinsed hy 
equal qunntitiea of the two kinds of juices; but, unfortunately) 
determinations of this nature, however important they may be in 
other respects, have not been successfully accomplished. We 
believe^ however, that we should no more outr-estimate the 
metamorphosing action of the pancreatic juice than that of the 
saliva, for althou«;]k the action of the pancreatic juice may be 
somewh;xt stronger tlian that of the saliva, it is a striking fact, 
that we gei^erally find many unchanged, or at moat merely 
transversely contracted starch-globules iu tho excrements of 
herbivorous and even of ruminating animals (even when they 
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hmvo hrt^ ipsuinfrlf (td vpoit amfWruu foCMl ftir some <l«i« 
b«l6rfi lli*y wc-w ktlled). Since, on Ihe other hw»d. Didder muil 
Sduniilt h&re tuaJtf the oh^rvktion in the ra^^ of n nhrrp lurin;; 
s UstaUk ill th« mhonnvuro, t)iBt only s NiukJ] quantiiy of fttiicfa 
was fiMwd ID iiA fLKittb siomsdk, we miwt nccc^ftnlr rc^vrd Uw 
mdutBlic fonc ol Uie paiicneaitic juice u somewhat limitcil ll 
tm boond to oboervo* thst ihe presence of starrli U jhlvrm 
rscord^ in my jotinifti in fd«rf-i»ce to my ranuus cssifimalitnis of 
tke cuDtenU of ihc atonudis cif raminjuing tiuim^) 

Tbo sction of the pincrcalic jubc« does not, cnoreoTer, mppi*u 
Ic extend very bir into the inteatice- According to Bi<idmn<l 
flchmidt, it wtmw wbolly to duip|>esT in ihe opper half of UiC 
anl^atinal aaaii «t dl cvenU the contents of the intesdne arc 
ojiibLc beyond th»t fjoinl to develops btttyric scid from faiiUa> 
vhich ill a property of this jatce. 

Colin has atrendy spmally noCicvd ihe fjKt^ that the amooni of 
the aearvtlon does not stand in a direct rdstion to ibe volume of 
the ptncrcVf and hence vo shuuld be cauboue in drawing any oss- 
eluuOB as to the functioni of this gland frotn the Tolncne of iht 
psneresN indifferent animals; Tiesid^.tlii? volume of tliui gland iaeo 
different in diffcreni animaU linng on the &«me kind of food, thit 
notiiingeitherforora^W^st&nyvieT can be deduced from the site of 
the pancresft : formerly it was genenJly assumed that the pajiereM 
was on an avej^age by far more voluminous in the herbirorn than in 
the camivorOf but in the r^bbtt. for instance, the weight of this 
gland amoanta to l-f^OOih part of the bodily weight. Bidder sfid 
Schmidt, who RLade the hitter obaervation, assign to the oftmiroA 
lfc« more voluminous [lanrreas, but tills again is not strictly true, 
for vrlule in i:au, for iirstsnce, the weight of thu gland Amoonts to 
l-30CKh part of their bodilv we%ht, in the beaver it amounta to 
l-30th, (E. H, Weber)- 
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(17) Addition top. 121, Lnelt>.— [The fotloving arethe 
important facts vhich Lehmann tuLi added to the section on 
Intestinal Juice; they are derived from Bidder and Sdmiidt'a work, 
(uid from Zanrler's Theaia. — O- S. D,] 

Fresh, pure inte&tinal juice has hitherto been only exunincd hf 
Bidder and St^inidt,* aihd (under their superintcndenco} hj 
2»nder:f it is a colouxlcss, ropy, viscid ^uid, which ia inwiftbl|' 
alkaline; the alkaJinity, however, varies in different 4iuiDsla,sndin 

t D^m, imm^ Dot^ Lins. ISM. 
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diiTeretit |inrtB of till.' intL'stirie'; bat no liefiuite rule cnn be laid 
down on this subjcctn 

Tlie juice, after the removal, by filtration, of Ibe morphological 
elements mentioned in the leit (see p. HS^)? cuntains no trace of 
nlbuiuEn, and, llierefore, does not cougulate eitber on boiling or on 
Ihc addition of acetic acid: alcoliol of 85^ tlirowa do;^n white 
t1nlic& which redisaolve u\ pure wntct ; their solution la precipitated 
by acetate of lead, but not by tbe mineral acids, or by bichloride 
of mereury : the acetate-of-lead preci|)ihite dissclvea rettdily in 
acetic acid< 

According to Bidder and Schmidt, tliQ filtered ititcatinQl jaicc 
of dogs contains from 3"(J4"2 Jto 3*4^7^ of solid subs tan Cf-.B, 

Zander fEUind 3'9^ of solid constituents in a specimen of intes- 
tinal juice containing bile and pancreatic lluid ; amongst tlie solid 
constituents there wcrs 2'5 parts soluhle in alcc^hol (glycochoUtc 
and taurocholate of aoda), and 1*4 parts insoluble in alcohol 
(taurine^ pancreatic fluid, and intestinal juice); the unfiltered juice 
contained QS-^ of epithelium, fltc. 

Bidder and Schmidt infer from the following observation, that 
the pure gastric juice muel be a tolerably diluted fluid. TTie 
filtered intestinal content*!, in which there are ^'^% of solid coiisti- 
tuents, consist not only of the true intestinal juice, but also of 
gaatnc juice, bile, find pancreatic fluid; the gastric juice has about 
tbe a nme concentration as the fluid inteGtinal contents; hut tiiu 
bile of the dog contains 5^, and the pancreatic juice lOff of lived 
HuljstaTicea ; hence the Intestinal contents could not attain to such 
a bigh degree of dilution, unless the true intestinal juice were an 
extremely aqueous fluid. 

It is obviously impossible to form any certain deter rai nation 
regarding the t/tiuntitaiive rth/ioa q^ this secretion* Bidder and 
Schmidt cfllculnted from the contcntration of the mijted intestinni 
juiec [that, namely^ containing bile, gastric juice, and pancreatic 
6iiid). and that of the gastric juice^ the bile, and the pancreatic 
fluid, that tlie pure intestinal juice must contain ubout tS^ of solid 
tonalitucnls, and that, consequently, that an adult man {weighing' 
64 kilogrammea or 10 stone) secretes in 24 hours about 3IX> 
gromnTCa of intestinal juice. 

The qiiarility cf the secretion naturally varies according to the 
period of digestion. In the dog, in which an intestinal listula wns 
formed in the middle of the small intestine, llie following rt^mnrk- 
able fact* were oljserved by Bidder and Schmidt. This secretion 
flowed most abundantly from tlie fisLula 5 Lir (! hours after a meal; 
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>nd iU <iuuntily "ns consiJcmUly innrcftstd very soon tiftrr dnij^fl 
had been lakcn : however, the most ain^ulor circiiiii stance in, thi^| 
ti»c iiiti'slitml juifc allows the same conre»>tration ns before t)ir 
ingestion nf the fluid; hence we must cuticlude wkli SchmidT, tiiM 
the ilnnk is ahsorbeil tri the btomacb and in the upper part vi the 
small inlcftlmc. niid ttiut thi^ wiitor, which thus finds its way into ttie 
hKx>d| incrcnacs the inie»tinAl juice in coLom^n with the othe^ 
secretions. 

Witli regard ta iht JknciionA vi tlie intesliital juice, it Kwms 
a certAin degree to unite in iUoif the powera of the gn^tric and pan-* 
i^TCutic duids. For it is estaljliihed by the numerous csipcrimonTB 
of Bidder nnri Schmidt, that this fluid can disAolve and irmler fi^H 
fur reKi>rpttori nut only alarch, hut also Jtesft and other proirtit^M 
6oi/if9, Starch (in the Form of paste) vhcn introduced into pft- 
viously cleared and lied loops of gut, waa usually converted in the 
<uur«e of three hours into a thin flaid mana, wTdeh no longer gave 
the wrM-known rcactiim with iodine. Starch-postc and intcstJual 
juice* when mi^cd together and exposed to o temperature of from 
3S^ to 40*f aaiumed & thin fluid condition in the oonnie of ft 
*|u^rter of an hour, &rd tlie roiitare was then found to be rich 
suf^ar. 

In a similar way piecea of fle^h or of coagubted albumen wi 
introduced into lied loops, and in the course of from 6 to H houl 
ll>ey were found to be for the most pflJt or entirely digested. It 
Ha^t i-il-iu ?diown by cKperimentSf made externally to the org^ni^m, 
th&t pure iithftline intestinni juice, as well zs tliat secretion when ^ 
minted with bik- and pruicreatic juice, possesticfi the power of dii^| 
solving protein- bodies- Pure intestiunl juice dissolved in the 
course of fJ hours from 36*4 to 40-7t of ihe d<?s)i digested in it, and 
very similar ratios were ob^rved when intestinal juice mixed witli 
hile and pancreatic 6uid was used. Uenccit follows that bile 
and pancreatic fluid, which impede the digestion of tJie alhu- 
minatcs by the gastric juice, do nut in any wiiy interfere with the 
digestive powers of the intestinal juice. 

We mny here refer to a fact which has been previously mentioned 
(see p. 502 of this volume)^ namely^ that a very large amount of alhu- 
m mat t's passes undigested from the stomach, and timt the quantity of 
gastric juice which i^ secrete<I is not sutlicient tu efTeet Uie solution 
of tlie protein- matter necessary for nutrition; ojkd from tlii^ wc 
should ubviously conclude that nature has provided some other 
digestive agent as a solvent for the protein-hodies in addition to 
the gastric juice; and the same remark applies to the saliva and 
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paticreatic juice in rdfltion lo iIk; digestion of alarcli. We l:ave 
seen (afe p» 511 of this volume) timtthe pancTcalic juice ilbuppcnra, 
that IS to sa^, is again absorljed before it reaches the middle of the 
small iiite?s1trie« anJ yet we ^nd tlint starch in residilv converted inti> 
sugar below this point. These two jjroperties of the illle^tilml 
juice ore therefore both directly and indirectly proved, 

(16) Addition to p, 126, line 18 From bottotn. — Sclimidt pro- 
pounds the question — to what c:itent is the bile decomposed iu its 
|kass:ige to the middle of the amall inteaiine ? In order to decide 
lluii question, ihe. quantity of the biliary aelds preci|]italed by 
Acetate of lead was compared ^th the taurine thutia already forrued> 
&nd vrhich was calculated from the nmouikt of sulphur in the fluid 
freed from an excess of lead: in lOU parts of the iirtestinul con- 
tents, there were 2'43 parts of fats and biliary aeidK liiiliible in 
ether, 2'021 parts of insoluble biliary matters (cholic, glycocholic, 
and taurocholic acids), snd 0'143 of taurine. Sincu the latter is 
equivalent to 0'G2'2 of pure bile-substance, it follows that a!rao!4t 
half of the bile effused into the inte^^tinal cH[ial is decomposed 
before it reacbes the middle of the small intestine. 

(19) Note to p. 126, fi lines from the bottom. — [Tlie fieces have 
been submitted to chemical examination during the last few montha 
by Wchsargj* Ihrin^,t ^^"d Marcct-f — OpEhB.] 

The following are the most important points in Wehsarg'* 
Thesis : — The colour of the normnl ffflces varies with the food ; on 
a mixed diet they are of r* yellowish-brown tint, on a fleah-diet they 
are much darker, and on a mllk-dict quite yellow. On exposure 
to the wr the colour usually becomes darker, but never red. Very 
dilute nitric acidi when added insufhcient qomitity^alwaya commu- 
oicatea n red colour to the faeces. 

TJic odour almost entirely dissppears on drying, or, at all 
events, becomes less disgusting. It varies with the kind of food. 
As a generul rule the odour Is most intense when the stools follow 
one another rapidly. 

The ccnsisti-nce seems to depend chiefly on the constitutional 

■ MikroskopiBchc uad chemische TTnUiiaurbung;ea dcT Fa>ces genmJer 
prwach§i?nj»r MLmarlicn. Imug.-Abhnndl. GiMBen, IB53- 

t fllikrotkropiBch-chemLeoho Lintor^uchuiigcn nieoBc^ilicliPr Fmow iintar 
TtTBcluedenDu palliulogisclivn Vm-|ialbnidai]tL. luauf^.-Atihoadl. GleeaeVi 10A3. 

J Procc-i>dJrig8 of i\\f Hojal Sociely, Jnnu ISlh, Iflfil. Vol. 7, [h 103. 



518 APPENDI3L 

rrhn.^ns of the pei^on ; but it is considerably inflaenced by bodily 

The r^ctiom is most commonly actd, but not unfreqnently ilka- 
1in« <ir neutnJ- 

Tho number of obserrvtions m&de by Wehurg was 27; ^nA 
in 17 of these c«ses the feces were those of the 24 hours. 

The qwr^itf of the daily foeees is very rsnable ; the mean of 
these 17 obseirations being 131 grammes (or about 4'6 ounces), 
the lar^st and smallest quantities being 306 and 67*2 grammes 
resfx^ivelT. This irregularity did not seem in any way connected 
with an excess of nndigesled matter. It may be laid down as a 
^neral nile, that when the food passes rapidly through the intes- 
tine, the daily quantity of the faces is larger then when it U 
retained for a longer time in the intestine- In proportion to the 
rapidity with which the slooU fellow one another^ there is a smaller 
felatire, but lar^r absolute amount of solid matters. There is no 
definite relation between the amount of fieces and the bodily 
weij:ht ; the quantity of the feces seems rather to be connected 
with the di^estire power of the individual. 

The fieees. when in a formed or half funned state, contained 
(taking the moan of 17 obsen^tions] 7^'^S ^^ water and other 
matters whit-h were volatile at l^"" C.> and 26*7S of solid consti- 
tuents; the latter varied from 17'4to3r7S* 

Tlie nhsidutc quantity of solid matters discharged in the 24 hoors 
averages ,10 grammes, the extremes being 57'2 and 16"3 grammes. 
No safe infcrt*nce can be drawn from the consistence of the 
(ieces a* to the amount of water and volatile matters that thej: 
contain. 

The amount of ttttdi^estird maUiT» varies very much in different 
rases ; the mean quantity in 10 observations was 3'-t srammes, or 
ii■J^\ the extremes heintr ^'- grammes and O'Sl of a gramme. 

A miorosiwpic f'xaminntion always exhibits remains of the food 
that has been taken. We commonly meet with vegetable cells and 
hairs, and spiral vessels in abundant quantity. Muscular fibres 
coloured yellow and corroded bv the bile, but still retaining dis- 
tinct striation. are constantly found. Wehsarg mentions, as of 
ciniNiant oecurrence, ^' a finely comminuted fcecal matter," which 
appears to be grunulo-cellular, but whose structure cannot be dia- 
tlnetly made out ; it certainly, however, contains partially destrored 
ejiiihelium^ Starch is often found. Cn'stals iif ammonio-phos- 
pljate of [nagnosia arc alway^i jirescnt when the evacuation b 
neutral or aJkaJine. Amorphous fat is a constant constituent of 
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the fsces ; but Wehsarg never observed crystula of clioles^ 
terin: cuniicctivG tisMiG was D[i]y noticed a lie r a very Lbundant 
tiesh-di^c. 

The ether- ej^tTtict of the feces varied extreraely with the nature 
of the food. After a very fatty diet it rose to 3 1 "2 grammes, or 
58-2ft of the dried r»ass; the nienn wa^ ll'5{f, and the Tninimmn 
8'5^. Itcon^iiats for tlie moat part of a wa?^y fat* 

The ulcohot'ertract was found to amount (aa the mean of 3 
oTwervadons) to IS'GJ, and it may rise to double this quantity in 
diarrlncfL Afc*?r drying ihis estraft (whieh wht-n cald forms a 
dark brownish -red mass) in the air-Wlh Wehaarg could only once 
teet the prerseiiL^e of bile in it with certainty, [Jthough he often 
doubtful indications; and on the addition of nitric acid to 
freali fauota there una only twii^e an tindoubl^d majiife*tatinn of 
the evidence of bilc-pigmeiit. Hence his obacrrations coniirm the 
view, that as a gencrol rule no bile occurs in an uncharged state In 
the f feces. 

The water *^j:tr net is a brownish-black nias^^ whirh always 
undergoes decomposition on drying. Its avcraj^e quantity is about 
20g of the dry fmces. 

The quantity of »alt» f^ontained in the froeesj as compared with 
that in the urine, is very gmalL Mere traces of sulphuric acid mid 
chlorincj and often not even a trace, are to be found, unless when 
large quiintities of these ftubstancoa iiavc been introduced into the 
system. Chlorine, is, lioweverj more frequently found than sul* 
phuric acid- 

The salts which are precjpitable by ammonia vary in different 
individuals. The mean of 7 observations was I'lUj], the maximum 
being ti90, and the miniraum 173^. -^ler a dose of sulphate of 
magnesia, this number may rise to 20-50g, Tlie great mass of 
thcae salt3 i» phosphate of magnesia, and associated witli it is a 
small quantity of phosphate of hmc with a little iron. 

It appears, from Marcet'* experiments, that healthy human 
excrements contain i — 

1. A new organic substance, posacasing an alkaline reaction, 
which its discoverer names txcreiint. In its i^juro state it appears 
in circular groups of crystals, which have the form of acicular 
four-sided prisms, and polarise light very readily. It is very 
soluble in ether, cold or hot, but sparingly soluble in cold alcohol ; 
it ifi insoluble in water, and ra not decomposed by dilute mineral 
ficids. It fuses between US*^ and bG'' C, and at a higher tern- 
})erature burns awav without inorganic residue. It does not 
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